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; six regional conferences .designed to providd J \ ; 

educational decision-mrakers 'and teacher* leaders vith problem solving 
and calculator experiences # samples of materials/ rproblea resourbes # 
€trategiea# guidelines^ and. summaries of research resultsy verie held 
during 1580* Ihe; focus iras. on junior high and secondary schools/ with 
a jspecial emphasis da general matheaatiGS,' The purposes of ^th 
Gonferencek verei (1) to descrl^be and^ex'plorjff^promis^ng techniguas 
f^r iffiproving students V prbbies^^^^ to jproyide 

direction^ on the effectiye use of the calculator in class I .( 3) tD * * 
explore important curri^^ldm options: for general math^matiGS courses; 
and ^tf) to provide resources desGrib^techniguesv and prepare 

' participants lor condUGting in-service experiences inStheit oiin 
school systems on. the above topics, A maior portion, of this document 
contains materials distributed to cpnierence partici^^^ 
consists Gf papers Gompiled or wrlttiea by the Conference Developrent 

^^ Teiim^ These papers vere designed ais/resourGe^ mater ials^ £ the 
participants to use when; they condwct^^^^^^^ for 

^matheinatiGS teachers at a later date and for partidipant'^ use during 
the conferences* (MP) . * . 



* BeprodUGtions supplied by SDfiS^re the best ^that^can be- made * 

* from the original document." Vv *;= 
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Background v':^ ; ./ 4 >^c, -■ . . ■ . ^ 

' . ImprPving s tudents V aBijiitiea' ta solve" problems da the^princlpal Justlf Ica^ , 
tioti £or thaa'tudy; of ^mathematics ^ major iititarest. In pathematlcs ♦ 

education has f 6 tused on understanding mathematical ^iideas and on^jskill develop- 
^Wartt ftoWeyer'r mtf^ly^es 

that computational skills are at; acceptable levtelSj but problem solving abilities 
should be improvedV The resists b£ several research and' developmant. projects : 
and the publication of resounde ma^^als i;i th#'' past five yWrSvP 
of ideas and ^recommendatiOns for ^eacfl^^ to solve- problems • 

Whila examinlrig problem^sprvirig in grades 7-~i2, special; co 
Ih particulai^s *the role of hahi'-held calculators and curriculum ^developments in 
general mathematics are' closily related to improving problem: solving aM 

-■'Universal use of a calculator may, shrink the currlpulum In sdme ways -but it^^^W 
certainly expand the curriculum in a problem solving directloi}, "* i;'Develbpments 
in problem solving , arid the use^^ Qf c^lcfeajtprs lead: to opportunities' to .^han 

; the curriciilian of general mathemaefcs courses in all secondary schools . . 

the six riegionai' infpVmatipn dissemina in mathematics educa- 

tlbn icheduled. to^ be held In Ohio during 1980 are designed to'provide educatdonal 
decls ibn--maker s and t ea cher-lttde rs wl th p r ohletn so Ivlng ; ^nd c41 cul a t o r eKper%: - p ^ ; 
ierides , .samples of matierials ^ prbb^em reBOurces, strategies , guidellneSi; and surt>-;; 
maries of research results,, . ^e cDntont^bf ^^radfes ; 7 through 12 are^ considered/ " ; 
but a- s:pecial emphasis, is plated on^ general mathematics* ; \' ' - \ . _ * ; 



PurpOBes 



V ; Regional conferences, d for leaders in secondary school .mathematicB 

will be condirdted at six locations in-Ohio duri^ig 1980* 



The purposea of \^he.^o;^fer^nces are * 

^ to describe and explore prdmising techniques ' for 
lem sblving abilities ' ' . • , . ^ . 



im p r o V in g s t ud en t s ' p r ob-- 



• . - to provide .direction on the effectiv^' use of the hand-held calculatbr in 
junior and senior high school cldsses. ^ ^ . ' / 

*jane Donnelly 'Gawronski and. Dwight Coblentz.; ''Calculators' and the .Mathematics 
/Curriculum^", Arithmetic Teacher 23 (November , ;1976) 1 510-512* ! j: v . 
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to'-explora ^important curriculum opti'ons Edr geii^al mathematics 'co.urg'es' 

* to 'pri^i'de ':cesou'f ces , to describe 't^chnlquas, ' and to prepare partici'-j 
panis fb^^^cpi^licting in-gervlc^^ experlenc-es' ,Jn'\^tH own school systems 
' on, the _a^otfe' topics. - ^ \ ! '/ |' A ' ' 

- T^;.". / -^\\ ^ ^" .;,./^:^,V 

, Jacket Mat'arlals ' . " " \ -V\^\v ' 

"'^ ' ConjEeMnca participants "receive a packet qf miitecial ohiproblem solving and' 
. th^ use of -caiQulatorS;irt :aecondaryv,^^^^^ matftematlcff. ^ - =The'" twanty--four papers ^ 
J .iit.'the ^packet^have been compiled or writt^fL.by.-^heL. Coiiferenca Davalopment Team,., 
These/ papers ware jdeslgned^as resoiirce. mat^rl^lg if^r ; tba parcle to , use .when 

^ they cpnduct in-service; activities ^ f to ma tllqiftatdcs/ teachers^ at a latifer data 'and' v 
for participant, use; -during : the : conf erence^n^V5erm±ssion; to copy^ ^n- . 

fcha packet which are not copyrighted is carico^dad ?co educators- for use in^ pre-. 
^ service and in-sarvica educational activities^.'" \ ' 



Individual members -bf tli©\^Confereneft^^^^^O^^ • 
papers S©r the packet. Thoma^\t, Butts ^ of , Case W Reserve University/ who .waS:. 

on* le4ve^ to. Ohio State Bniv-erv^ty/dutrinjgr^ semester of 1980^ preparedv' ■ 

'^Posing and Re-posing Problems-^ '*\"PrQblems , ^Pr^oblems, Problems!," "Review of the 
1980 NCTH: Yearbook^" and ^'!*Us lngv^^al.cuaMt or High; School Mathentatics." 
' Also j ha 4^rkad on a revision of "Tea"chlfcgM^^,^oblem Solving, " David of ; 

Miami University prepared vPrQb^am. SQlvii^:Eesourc in r cooperation with Marllyri 
. Suydam and r"Real World Problems. "'\.Clydao:^i^^^ of tha University ' of Toledo * \ 
developed ^*Co,nducting Problem' Sq^lv±ng :Wo^k^hQp^s Steven Meiring of the Ohio v . 
/y^i Department of 'Education -preparedcJMssassmfenc^^ Data and Imp licationsw f qt Problem 

Solving^"-^ "Using^a -Textbook f or ♦Teaching P^rbblem Solvitig" = and "Gerieral Mathema'-.; :^ 
: tics* V Marilyn^ Suydam ^ of Ohio/ State ^University= wrote several papers and provided 
■ Otnars from, the Calculator^ Inf ormat'io'ti Center. .vThese are included In the f ol-^v^ / 
lowing ^sections r -'Research in Problem SoIviniyV ."Research on CalculittorS s-*' : - 
^"Bulletins from the Calculator Inf orma^ lQn.^ anter ^ ■'Salect^ngjajalculators-^- ^ 
and "MaitheAatlcs; Educ^atlon :P ubllcat±oi igr^"^~J^s"on Brunk o'f Ohio -University wa 
asked to prepare- VTha Hou^ that-J ack-^^ gj^J. t . " Lan Plkkart of OhlQ"^Unive^^ty 
prepared '-Basic Heuristics for Problem Solving," "Teachink Prpblem Solving j" 
"Sharing Ideas with Colleaguasii" "Evaluation of In-^service-^^tivities ," and 
■^■^ ''Conference Evaluation .r-' ^ All members of the team contributed reviews to the sec^ 
t ion called "Reviews of General i^athematic? ; Textbooks .'^" 

■ . : . . .. : . ■ ; ■ 7 : .. .... - . .... ■ . ■ ' :" a!:^:.'. J " . ■ ' ■ - ' ^ ... 

" "/ ^ 

: Project btaff . . . ' ^ . : /-^ ■ : ._ ' . . . \ ^ 

\Thomas ButtSv Case- Western Reserve University 

•Clyde Dilley, University of Toledo ■ ■ ^ . 

David .Kullmanj Miami University ^ ^ . 

' Stave Hairing;; Ohio Dapartmant of Education " 
' Marilyn Suydam j The Ohio -States University • . . , 

Len Pikaart, Ohio University ('Director) ^ ■ ■ 
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* I ■ As&essment Data and ImpTications. for Problem Solving ■ - - 

. "rhi 70' s has-^een a turbulent period for mathematics education/- 
Back to basics movtments, minimum competency issuas^ funding initiatives, 
curriculum: retrenchments^ achtvement test results r and. calculator/cornputer "r^ 
advances have each contributed to the need to reassess 'the role that matha-' 
~mirt1"cr^iTI~con trnui" to play "in "tduciTronT ^^M^l/eTnovinMpTtHev^ 
emerging response to some of the concern's of the 70*s DolnisHoward^niofe ^ 
systematic attention to the' area of problem, solving. - - 

During the past decade s we have seen. a gra&ual shift In priorities away 
from content emphases and y 1 ndl v1 dual/pupl 1 conslderati ons to the acqui si ti on^ : 
of meaningful skilts. This shifty in Targe parts has been In response to !' >^ 
"basics-related" issues. * But at the ssme time , there has been an equal ' \. 
^concern -that Wacti ons to "basics— ^^^^ "minlmum^'competencies" could become 
so narrow that overernphasis of low-leveV skills will preclude development 
of the requisite understandings to marke those skills -OperationaT*% There Is . 
no disagreements however,. on the key* issue. Students should be able to apply 
rthe mathematics they Team to appropriate problem situations/. 

In 1973 and l978s 'National Assessment of EducatTona^ Progress (NaEP), 
funded by the National Institute of Education, conducted two national studies , 
of matherriatlcs achievement at the 9-, 13-, and n-yearqold levels. From 
1976 to 1978, the State of Ohio authorized the^Ohfo DeDartment of Education 
to conduct'statewlde assessments in tnathematics at grades 4, 8,. and T2. 
These assessment studies provide us the means to contrast, student per^formance 
on skill and apDlicatlon leveT items, ^hls paper will examine, selected 
flndirMS from these assessments and discuss, implications of the findlnqs as 
they p^rtj^ to problem solving at the secondary level. 



; ■ - \ NAEP Findings* '[ ■ ' ' • ."V • 

.'The NAEP studies measojred achievemeRt at four levels—knowledge, skill,' 
' '\ .- ^ . ' ; ^ 

understanding, and application. Generally^ the results were favorable for' 

Items involving knowledge and skills* Contrasting performance between age 

^ - * " ' ■ * '-'I 

levels s whole number performance shows the greatest growth from 9 to 1.3. ' 



Percent Correct 

. -. - .1. . .. • • - . • ■ .. ^ . ?\ 

^ ^ Age 9 Age 13^ Age 17^ 

4285. 
■ 3273 

3-d igit number from ^ , 
3-digit numbf r, tvyo 

re^QUpmgi * BO 85 92 " 



X402 ^ . 3 66 • 7i y 



/'A 



28 



/ 3052 ■ . 46 SO 



^ A sizable growth p^rsHn fraction and decinj|il performance froni":age 
13 to age 17. " • 



' ; 1/2^^1/3.^* ' 1 T 33 66 



4/5 + 5 ^ . \ 1 44 ' . 66 ^ 



I 



r 



3^1/2 X 6^2/3^ ' , . 28 42 



7.54+ 1.52 15 ' 72 88 



3,57+ 1,2 : * ^ '56 ^ pO 



^ Graphfcal interpretation at ages 13 and 17 is- generally good at the^ 
knowledge TevelV but is weak on the" understanding and application levels.-^ ^ 
Estimation skills involving fractionaT aild decimal computation are very weak 



' at -all grade levelk Possibly Suggesting -a niechan 

* cBptua;l apprtfach' is useti Jn wofking with' such. numbers'. \ ^ - 



ESTIMATE the*amwir tD 12/13 7/8, You 
will not hivt time to telve the problem using 
paper and pencilf ,^ - 



9 



1 

^ ^2 
CP I ^of>'a know. 



Pircant Refpariding 
^ '^13; Age 17. 



30-^317 



Pereeht Responding 
^ Agje 13 Age 17 



7 


8 ' 




:1 


7 . 


^15 


*24 






,01- : . 


22 , 


' .30 


28 


21 




,T:;.._ u-..- 


^6 




25 


15 ; 


o 


1*0 


59 ^ 


, 41 


' 14t 






1 don'iE know. 


St ^ 





• Perf-ormance TH niakjnq jtieasurements Is generally adeguate. But acWeve- 
ment^lnvQlving other aspects of lireasuremerit^ particularly pe area,^ 
and volume ts not. Moreover, voeabulary ^gn1ficantly''influelices perforfiaricf 

* on items for which different termlnolMy Is employed* / ^ \ O'^; 



10 ft. : 




6 ft. 




6 ft 



V/hat is.the PERIMETER qf this reGtangfe? 

Pereent Reipopding 



What Is the &1STANCE ALL tHE WAVl^irOUfSID 
this rtctangfe? \ ^ ' 







" ' ^ Age 9 


Age 13 




1 a felt/ \ ^ V 


66 ■ 


25 ^ 


o 


30 feet 




1 




31 faet *. 


^ B 




o 


38 feet 


2 


/ 4 


o 


80. feet 


, 3 ^ 


17 V 


o 


1 doh't know. 


. Viet* 


4 


1 


Achievement 


on textbook- 


llke^ 




^ a tl's factory 


Hov/ever, for 


more 





\^ 


Percent Rei ponding 




\. Age .9 


Age 1^ 




16 feet 


39 ; 


■' 12 


O 


30 feet 


\ 4 






32 feet r 


. ^ /AO 






36 feet ) . ^ 


4 


4 ■ 




60 feet 


4. ' 


13, * 




\ don't know. 




1 * 

* 










one-step word prol 


Dlems 1s > 


= = 1' * 
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deviate even slightly from a textbook- format , joerformance drops 'significantly, 
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Percentagis of Rirponse on Oni-Step 
'Cbnsumir Item, Ages 9, 13 and V? 



V , . \ MENU . 

HAMBURGER 1 . S,85 MILK ^ /.B^Q 
HOT DQG jO SOFT DRINK J. .15 

GRIWLlDCI^iSi; ^ MiyX SHf^HtE . ;4S 

SANDWICH ..:r; ;iB: ^icrcRi^^ V. :. Jo 

FRENCH FRIES . ^0 : ^ ^ _ 



sue had a hot dog, jreneh friei, and milk.^Hw mueb^ 
jid she Epe nd?^ -'vX \ > 



V Pereint Responding V 

"^^t ; -Age 9 Ag'e?13vAgr 17^?^^^^^ 



;si.3o ^ 

SI. 40 

o si.so 

^5 i don't i€ now. 



-^'^MB^e- -95 . 



■■"v;: ^r-^.*^v-^'r-v:":- "■a.m.:;--- • 

' . Pircentagisjof CorrectjRes^ ; 
;\y ' Npnfoutine Application pro^ - 
; - . V Ages 9/13 and 17 ;, ; 

Rigbi now Bob has Sl2 in the bank anci Carol has 
i S26*in the bank. 'From nov^ on each will save Sl.^ 
. every ' week. Hbvv much money vvill Bob have saved * 
when he has half as muchjas Carol? 

> .'i Rereent Correct 

1^ . * : ; Age, 9 Age 13 Age 17 

Re^pndents ansv^eHng SH - 12 20 -.™32_^, 



EXHifiit 32. Per^ntigti of Correet Respanst on a 
Non routine Appli cjti on Proble rn^i Agti i| -^^i 13 



Mike's builiing let has . ( 
60 long pieces ; ■ ' / 

60 short pieeii / 

and 60 nuts with boiti 



3> 



How many of thtse 
can he make? 




Pif©|nt Cprrtet 
Age 9 " Age 13 



Respondent ertswerlrig 1 3c 



24 : 
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A panelTof distinguished, mathematics educators were as key::^t6^ examine . 
W8 NA£P results and to make observations and recomiendatlons. Reacting 
to tfie Dossible effect that the "back to basics" trend may be having on r; 
' results, the panej noted that this movement has often resulted in a. narrowinq_ 
of theicurriculum^ stressing computatlpnat'sKITH and know of facts and / 
deflnittons with less time available for iqstruction on other topics. v 
James son cited the effect on textbod:ksi -^^'By the*m1d-^970:'s ^ textboqk| ; . 
in tht schools emphasized MmputatlonaT skills, /.Worcl problems were stream- 
lined to present students with the least possible amount of complexity.'- , . 

Generally, the panel v/as satisfied with studerit\performanci on most ; 
^cpmputatienal and knowledge levels , Spmt concerns were exoressed about 



9\ 
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. the need to promote better conceptual undersftanding^ of^tdplcs'such as - 
:= fraptlbhSs decimals, and perceiits with .^ess^ o.n rota,' mec 

" applicatfons of algorithms:. Howe^^ solving^ the • ' ' 

panel registered Its greatest concerns. According; to Thomas Carpenter - - 
. "Youngsters don' t^ think about 'problems* They search for ways to aSply the^. I; 
^ mech^nical^approaches that thfey taughti/|nd if^a-njrth:i:ri out of" 'r ".^^ 

the ordi nary appears ih^ the^ prQblemV':^h^ ar^^ 
,;^V that insufficient attention to higher-level orocesses, ^incl^dinq probleni . ^ 
solving is a likely result, produqijig a situation in which. skMlsH^ccWi^ ' 
^ends 1 n themse lves > ather than, bei m regardgia 'as^^tpols W be appl^;i4d^ ^ 

p'roblem-soTvIng situations . Carpenter ■agaim "People are teaching , 

. skllTs and expecting that facility with skills will automatically transfer . / 
to-probl em^sol vi ng abi 11 ty , But the eyidfnce shows that that ' s - just hot so. " 
The 1973 ?assessment b# NAEPv f pcused;^ttent1 on^ on the^ d1 screpancy between '7 

- generally high, achievement oa computational topics and flow pSFforniance on 

\ f - " - "X ' ' "v"^ v' " • \ ' .^; ^ : ; ' ^ ' • ;rv""' . _ ' v*" / ^ 

consumer- related appltcatlons. .197% assessement-results indicate that T7^year- 

//olds have fared.no better five yelrs ^^ter. - ; , 4 . 



* , Per<^htages of Reipons^ on Consumer 
f^rofalem Irrvdiving Percent, Ages 13 and 17 



REGULAR PRICE" $48.00 




SALE PRICE 8 36.00: 



Whbt is yie pf fcent of discount? 



Percent Respondmg 
Age 13 * Age 17 



12- 

O . 20 

r^j.ir>^ Ifion'tkhew^ 
fcKJL 



52 

18 
4 

3 
-^0 



34.;. 
.14 . : 

36 
^; 4 
3 

1'* 



^ What is the pnci^pf a 1^-foot by tS-foot piece of 
; airpeting that seiis for $7^ 00 per square yard? 

, V , , ^ Answar SI 40 ^ ' 



131 of' 17-yeSr-olds: answering correctly 



A TOaitls io b$ apQk&d SO miFium Jor each pound If 
xoast weigf^lrig '^l l pounds is to be dorie ai BWCr 
. p,hi,, whpf time should it be pt^t in the'duen to coqk? 

, . . . ' Answer 2:20. 2:20 D,m; 



25| Of 17-year-olds ;ariswer1ng^ correctly 



^'^te The nanejOof;- rfiactors was alsb\cQncerhea/wfth the weak ' ' . 

^■ - ■rV.>=^:^'^^--^-v^ - =• :^;: = > ■■ 

: ; studfents to examine their^resul ts vfor reasohabll ^ practTCil:1tyw-^:0n 
^ ite;ff:as^^^^^ feet of; CQncrete would be neefdedU& payfe - ' = 

ah- at<ear3Q feet long and 20 fe^ layer four inches thick, only > • 

91 o^f thfe; 17-year^ cdrrectly. But a majority chosir 30 x 2a :xv4.^. 2400 

. their. answer/^ Anoth how ' ^''^-^oj 

V. many cars would "^^'^^t^^^^^ four to a car /V^ Forty rf)er cent of the , . 



. 13^year-o1ds .wuld- have sent two people off; 4n fialK^^ As panelist :^ 

\ Iris Garl noted: : hpv& skpT infusing distinct - v 

algorithmic the depth of understanding of the. concept requ to efffectfvely 
apply skills In various .situations appears to be missingr^ - : 
>^ One; of the^^bjecti ves^^^p 

Y^n 1973 and^ 1978 wag. to detenrilihe whether any chants in achievement' occurred 
during that^tlmt. The results of a compar^^^^ study on achievement on ;the 
saTTie: items in 1973 and 1078j^ reveal id r 9-year-olds* performance declined very 
slightly; ;:t^e decTiTie for T3-ytar-olds was slighrtly larger and. the decline - ' 
*f or 1 7-year-Ql ds was appreci^b^^ Considered ' by cogni ti ve Tevel s ^ni ne-year . 
.olds dropped significantly only in one ^rea the application area.pf orpbleni 
solving! Seventeen-year-old performance declined slgnifleantly^Jn -every - 
area .except^ the knowledgavarea. ■ = ^ ' . ' ; ^ ^ 



Perf qmanct^bn Appli cation /Items. 



umber - 


■ /■ fie 


Avenage . , 


/ . /Change' rn 


teins ' 


1973 


1 


iaiii_e 

; -1978; 


Average 
Performance 




; 381, 






/ '\. -e:* 




. 42/ 




■ 3B' 


-3 * + 


25 > - ' . 


■ 33 









. -V. V .Age 9 - 
. : . Age 13 

;, .. :;A,ge 17. : ■, 

■^•■'/' ' ..^ . . / ^ ........ -.■ . . . 

; . ... .. / *Cbange. is sijnificant >t .05 level 

. / / +Figures do not total becaiise /of. roundlhg 

' /;^'Roy H, Forbes, Director of tffe NAEP^ noted thtt the patte^n^found ^n' 
^ the miithema tics assessrft'ent— Tarter de for the older ages and more 



i..4t&n:d6ncy for declines tq 'apoear on iiigHer-order Go.qnitTve^^ ■ ;, 

sVmptdn^tic ^hat thr "back to ^ basics'' i^oVemeM il worljing; tootweU toi ./^■'■^ 
; . the dli advaritage„ -of. higher 1 evel . s.M 11 s . " Panel i sts f el t that . many'- %mf$ ■ ^ f 

v^-^"studehts^'are no^ 1^^ processfis. unti 1 they have.-; .; 

' compl etffly .TOstered the -riqui'si t.e lower-lav.ol siti fts -ind /Icnowledge. Thp y r 
, pianeV warned that -this ^couTrf severely lim^^ exposure; to- a wide* > * < 

range 'of iTiathemaMcaf topi cg^ ari^ in .rbdents; having very T;t|tle ■ 

■ ife' Of how the various thlhgs;^^^ learned Were related.:,'' -. ; , - 

. . ^ Respbndi ng:'to the NAEP findings ,-ppeli|ts,; ^offered a-numBer of redom- ^ r 
•mendationis:; The foTlowing-'four relate^ directly to problem solving/ V - • 

- r • : * < • , . . ^i.; -v ' "'. > ,,y^X 

.iV An e?<parided ^definition of what\is:'';ba,sic.''vM'niathemat^ 

crucial to foster stuHents;' .ability -to cope With different -b^eg^^;^ 
* . - ' ', V , of mathematical problems^ St^den\^-mus.t be -intrbduce^ 

. vinvoTv^lng higher-leveirja-wfell ar , 
- ' *' 2. Teaching of problem solving should receive .more iemphasi|^'in the y ■ 
- " schdol^ i It a ' 

yvto' drflr.'mastery problem'^olying. j; y- 

' ^^ 3. Success, on tests should- not, Jbejth^ ohly criterion;, us^' to measure, h ;., 
^ . -yr - ^■Wk effectiyeneis of mathematics-vpfograms. ^Too of^^ t#st-then 
: Wcbmes the objective i and areas that requi're'more ,t1me to tiach '^r 

' or are not as easily subject to modi ficatiorj fall 'by the wayside o^^^^^^ , 
; . 4, Appraaches^ to 'problem sol ving ;&hquj:d;,n^ 9"^ ."the type that , p-. /-^^ 

■^encdlirag€ ttechanist^fcvUlgor^^ It should.be ;|rnF)ha^ 

= that the^ abi If ty to analy^ a |iND^^ r 

^ -\ important/as^^t ' .4 '^^^^ 



• :• ' ^ #u Ohi6 Asses^eni Flndiriqs 1916-78.. . ■ T' * < 

Ohio results reflect the' saine genera? trends as, those frorrf natioral' . 

•" ' . • - ' ' " ' . / ' " 

assessment: proficiency with whple number, comput|tjpns ', general Ty in place 



A. 08 



A. 08 



• tfy gradgs-8; less proficiency with computatiorts Involving other kinds of 
numbers, but growing, from grade 8 to. grade T2; significantly less 
proficiency with problem solving applications* generally sati^actory by 
gracte 12 only for simple^ one-step, textbook-like problems. (See Tables 
.A and B in the Appendix*) ^ ^ , 

Of particular concern in Ohio assessrent .resul ts #are ' the very weak 
performances involving geoiHetric applications* Both at the eighth ^nd 
twelfth grade levels, geometry application items consistently rank among 
the lowest- scoring items, . \ 

^ Eighth Grade GeDmetry Items 



Whatsis the penmfter of the room in this Mlusifation? 

< — -- — — i2n ' > 



34 foit 

50 fDOt 
100 feet 
155 feut 

I ddn't know. 



Oft ^ 



5ft 



lU. 



The radiui of t>4 iriiidc ui the pije if 
3 inches T^i wall of thcj pipg is 1 mch 
thick. lA/fiat is the diamctuf of the pipe? 



A. 


4 inches 




5 inches '> 


c. 


7 inchus 




0 inches 


E. 


1 tiu. rt know 




(201) 




What IS th^ ...lufh., in cubic unit., at U»y .o.i.^.^ .lof ^ui.d ,hawn belo 



A. 40 
B 60 

D. 120 



FRir 



/ 

, (16%) 



17 



A 1 1 

B. 20 

C. 22 
* P. 40, 

E. I don't kiiuw 



(45'i 



/ i 

A ■ 



■A, 09 



A. 09 



rwelfth Crtde Geomotrv IteniL 



A k 44 

- B ^2 

C Sfex, 

D 160 

£ 102 



12 



VJ> ,1 i ' 
A AA W 

C 5?f; 
E .in:' ii 



8' 



12 



16 



(41%) 



(30%) 



Another area of interest among Ohio data 1s performance on inter- 
preting and usi ng^ graphi cal and tabular data. For Items requiring a 
Strai ght-forward., entry selection from a graph or table, results are uni- 
formly h1gh\ Howeverj for questions requiring the reader to interpret a 
data entry or involving some slightly unusudl feature, the performance 
plurMiets. On the following plctograph, only 35% of the 8th-graders were 
able tg correctly int^rDret the correct table entry, possibly because the 
picture symbol represents a riununlt quaritlty. Fur another 1 teni 1 ri which 
each symbol did reuresent a unit quantity ^ pe?'fu!Miidince ruse tu 95%, 



1 bOO.OOa 

2 500 000 
6,500 000 
7,500.000 

! don't kn^jfev 



36^ 



United iiaie^ 
PQpula t ion 
^ 1790 0840 



^ - 3,000.000 
1790 

1800 ^ j 
,810 ^^j 
1820 



ERIC 



. A.IO . ' _ . A. 10' 

\ * i 

\ 

iJGeneral ly^, Ohio assessment results corroborate NAEP Danel observations 
that students are not wen-equi^pped to respond to situations which require 
them to perform slightly differently that the most simriJe,- straight-forward 
exercise or application for which they have had 'previous practice, 

The following table contrasts the a.verage performance by problem type 

for 8th and 12th grade students 'on the 1977-78 assessments. For the 1978 

_ 3 . _ . _ _ _ _ . _ _ . _ ^ . 

12th grade assessment, a *pape4s.of secondary mathematics educators was requested 
to review assessmenit items prior to administration and to predict ^he average 
performance .on each. Ihg last column of the table 'includes these predictions 
for the 12th grade items. Note the consistently low predictioh for each 
problem type. A simnar trend wa^ also observed for the 1976 12th grade 
assessment. 

i 

Average Performance by S,rade Level and Problem Type (1977^78 Assessments) 

Problem Type/ Grade 8 Grade 12 Panel Predi ct1ons{12th) 

whole number computations 92% 91% 81% 

decimals and fractions 70^ ■ . 77% 67% 

one-step applications 551" 83% 67% 

two- or more step appTi cations 55% "66% 611 

Some questions are raised by the rebuILb In tfilb Cablt. Af^« pttibimlbtic 
predictions of whole number, frdction, and decimdl computdtiun abilities , 

. « 

Indicative of inl^irected inbtructlona j eniM^ioii^ i'* yraJeb 'y^Uf I5 the dniuunt 
of 1 n^^ true ti orid 1 Lloie a^il^neU Lo different prublcm lyM^ le^ainliiM experiences 

consistent with the afiiount of yrowth ir) biuJeni ^par formdnces from grades 
8 to 12? 

Problem Solving: A Direction for the Future , " ' , 

/ 

Assessment test results provide significant data pointing toward dU- 
crepancies between what is an.d whpt should be. During the 70's, such test 
results have frequently been m1sused--sometimes as means ^or special interest 



groups to forward their causes and at other times held up as threats to 
established patterns^or pol icies. Part of this misuse is peiiiaps. due to 
the tone of "back to' basic5'^'--an unspoken but assumed statement that 
mathematics education did. In the past, prepare students adequately' for 
their responsibilities and that the same criteria are still appropriate. 
Whether dr not performances to^y compare favorably with the past is really 
not the issue. The* tames have changed. The clientele has changed. But 
most importantly s the needs have changed* 

There is much in present assessment data 1n which to take pride in 
student achievements. Mathefne^tics education Is doing %Qm things exceedinqly 
well. But the data do reflect significant discrepancies betvfeen skills and 
the application of those skills to relevant situations. The data ilso point 
to weak student abilities to transfer existing knowledge and abilities to 
even slightly novel situations. ' If we are to Judge the goals for mathematics 
education by today's needs and project prn that basis for the future ^ each 
of these areas of weakness appears to be an area where citizens will increasingly 
rely on personal capabilities. 

borne ^lave suggested that mdthernatlcs eduuaLui ^ have redUcovttv^d problem 
bolving. But problem solving has always been the umbrella godl undpr which 
dvery indl vldija 1 cuiiLsiit topic and skill cHtirdse hab been conduwtcd. However, 
we dre uuOiWiy Lu r ta 1 Uc tfidt pr^Dblem Solving inuSt be a mui c llnitifediatc goal 
35 well --One that dlcects daily activities that mednb do not become ends, 
bu iridl unwdr i^Qf! ttd dssumptiunb abuul dutomatlc tra-nitfer du liOL r uld out 
attention to higher-level cognitive skUls, 

We are reqognizing that regular and specific 1 n&tructt onal 
dLtivities intist be planned that purbue problem solving directly, not 
secondarily. Programs must be structured and monitored in su.ch a way that 
refular growth toward problem solving subgoals occurs at each qrade level. 



A. 12 



A. 12 



Every student at every ^rade level must have t^he opportunity to grow in 
his abijity to apply his existing skills and knowledge to situations that 
he finds relevant, but not necessarily rehashes of previous learning 
activities^" Then mathematics education will be taking firm and steady 
steps toward reetlng the challenge of the future. 






APPENDIX 




A, 13 ' . 


1 

1 ao I e M . . 


nuTn fiTU roAnc acccccmcmt hata 
UniU o 1 n UKAUt Abbt obntN 1 UA 1 A 


r : - 


/ 

■ / 


Number 
of Items 


- Problem 

Type 


^Averaqe 
Performance 




■" -9 

in 
iU 


whole number computations ■ « 
decirnals and fractions ' 


92^ 




15 ' . 
(10) 

7 
1 


one'Step applications 
(without qeometry) 

two^ or more step applications * 


55% 

(68%) 




* - - - ' - - - - ._ — _ ^ . — ' " / " 

■■ ^ ' ■ ' ■ \ ' 




Computation Items 

_ _ % 


ApDlicatl\Dns 





956 
+ 357 



. 64 

X 35 



0.941 - 0.3b 



'(90%) 

/ 

[bit) 



l 1 )' $14.91 ^ ( 



^ 6 



\ i iiiu I Opc I r r a C I I u n : 
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One-- Step : 

If you had 285 pieces of candy and wanted 
to put 15. pieces into a package, how many 
packages could you make? 



A. 17 

* B. 19 

C. 270 

D. 4,275 

E. I don't know. 



One-step ; 



(81%) 



If it takes you" 37 minutes to get to 
bchool , what time must you leave home to be 
at school at 8:15? ^ 



C 
D 



/.j5 
7:38 
7:45 
7:50 



I fit pf )U I itf fate I ML 1 . *. . J i . . .!M uii a JtKj n L 1 1 

Lu $6.u0 a month. What ^as the percent uf 
i nt^rease? 

d 



83 3=-% 



D. 120% 



don't know, 



A. 14 - 






A . 1 4* 


i. 


Table B: . 


OHIO 12TH GRADE ASSESSMENT 


DATA 






Number 

cf Items ' 


Prablem 

Type = P 


Averaqe 
erfornance 


Predicted 
Per*' or ilia nee 




9 


wnole number comDutati ons 


91% 


81' 


■- 


\ 16 


decinals and fractions , 


11 \ 






\ 12 


one-step applications' 








= * L 


two- or more sten apDlications 
(without qeometry) 


(75t) 


61' 

(62%) 





Comnutat i on Items 



Ann ] t cati ons 



2378 + 25 + 403 



7 TTise 



d.4 t .uJ t lu^ 



< 1 AC: J i .u(;.L--Lf t 



ERLC 



;95%) 



(77%) 



One-Step : 

There are 206 tomato plants in each row 
and there are 14 rows. How many tomato plants 
are there all toget^ier? 



A 
B 
C 
D 
E 



1 

2.684 
2.864 
2.884 
21 .424 



(94%; 



Iwo- or HKjre st€ 



If a coat originally sells for $120.00^nd 
u ori Sale fur 20% off, what ib tfie ^1T¥^' ^\ 
price uf the cuat? 





4^ ^ -4 U U 


b 


ibu 00 


c; 


*96 00 


D 




a 






J 1 h 1 1 I:, =} 



Muw much would 5 albijms cost. 



j fur i^b.dti. 







B 


i 1 J 85 


c: 


S 14 75 


D 


S 1 5 00 


E 


S44.2b 



( /b/ 
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1980 Ohio Regional Ccmferences on 
>totheiTiatlcs Educatlo'n 

Basic Heuristics for Problem Solving 



"Learning to solve problems Is the principal reason for studying mathemat-- 
ics*^* How .do students solve problems? How do you solve problems? When pre- 
sented with a problem what do- you do? A rea^sonable reply is "it dapends on 
the problem," or "I don't always do the same thing." The first point is that 
when people solve problems they do something. Some of these things may be pro- 
ductive^ others may not' be. The purpose of this paper is to list and exempt . 
lify one set of heuristics, very general strategies, which liave beph found help 
ful in solving problems. Good problem solvers probably^ have used, these heur- 
istics before, but not seen' them listed. The goal is to improve'problem 
solving abilities of students and one very promising approach is 'to help stu-= 
dents learn to use heuristics. 

- i 

Interested teachers may elect to teach their students how to use the 
heuristics presented here or to modify this list. Ultimately they wish to 
develop another list. There is no research evidence that any particular list 
of .heuristics is biest, but there i§"research evidence that teaching students 
to use heuristics does improve their problem solving ability,^* 

The list of heuristics and many of the sample problems are taken from a 
new publicatlonr Problem SolvlnR: A Basic Mathematics Goal, a two volume 
set prepared by Steven P. Meir^ng and - publ ished by the Ohio Department of Edu- 
cation (Columbus, 1980). Booklet one Is entitled, "Becoming a Better Prob- 
lem Solver" and the second booklet is enLitledj "A Resouroe toe Problem Solv- 
ing," Although the booklets we^e prepared .as an Inaervice toof for teachers 
of grades they are highly recommended tu seaondary te^aher^ for three 

reasuusi (1) The problem Wblvlng heuristica of stratBgies are applicable in 
Blementarv. middle, Juniur|hlgh, and senior high school;^ (2) m^ny of Che 
sampltf prubiems and uth.^r c^yntent can b^ ii^^d in sec:OndaLy st:hool ; and (3) \ 
articulation between schuuls can be impruved if secondary dchool teachurs^ 
are familiar with t\\Kt basic learning t^aklng place in earlier grades. 

In Lht; r Kjw i -Bet_ L i uii » lu^.i c: l h^ii^ LwuhL)- tit:ui i 1 1 will bti 1 i & i .1 , 
d^si.ribed. arid fxempliflBd. The ..rd^r uf liaiin^ them is nut im^-urLdUL, U^a 
iri thf same urdtr as tiiey atti ret tarred tt) in the I'^ybl^ §HlYiliM bookiet^. 
Whun ^^Ivin^ a paiLivular problem, a aLudciiL miglit use a a ingle l»eurisLi^ 
but mure oft^n, several w^uld 6e employed. iha imHorLant point is that ait.i 

a sLudeUL i^ familiar wiLh [)rablcm striving he: ur i ^ L 1 1; ti , Lnti.y beiOihci a i 5j p e i L i ; 1 » 
which he ur she can use to attack problems 

^ Nat Luna 1 Luuncii o£ b ups r v 1 aor^ of Ma L h 1 1 . ili^^^iiiliii il^iiHi liii ii^ilfl. 

Mat liema^C i c:al Sk U_ls , 1977, Reprinted at the end t)f this paper. 

I^'CJL exaniplti, i is L "pLublt:in -^. Ayiwy.^ ykiliz. " ( i u i 1 fet L 1 > ^1^. l>^pt;U 

in the L^ine buunty Ma L t,eni^4 1 ics ['ruje<^L in Lu^t^nt: , ure^on in aLL,*ulitd at thu 
c^nd oi this paper.. Also, see l ravers et al, Ma th^m at 1 C8 Teaching (C!»apter 
5>. Hew York: Harper and ^ov,.'19 7 7. 
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Look for a Pattern 



(1) The ten members of a chess club decide to hold a tournament and that 
each mamber must play e^ry other "one* How many games must be played? 
Observe that one player 4nust play 9 others and another player plays 8 
new games fhis game with the first player is^ already accounted for.) A 
third playe'r ^lay^ in 7 new games (9-^2). We see a pattern emerging. 



.(2) Fill*' in the, mis/iing numbers in this sequence: 
3.14, 3.11, i.OB, 3.05, __ , , , 



, 2.9. 



C onstruct a Table 

(L) L'he problem 1,(1) could lend itself to sulutiuu by a tabi^ cunfetruc = 
tiun as folluwa^ . \ 

Player New *Ganie^' 



7 
6 



2 
h 

0 

4 5 



\ 



(2) A wuiuaa makds fui^niCurj as a hubby, 
1 eg g^d benches* and 3 legged stuulSj 
a table like the ful lowing: 
# \ 

Benches tussible Stuui^d. i^ijll ziHM? 
- ---- ~ -^^Q-— T . -.32" 

7 I ^ n 

6 2 30 



If alife uses 31 legs tu iuake only 4 
liuw many u^^ «acii did shi^ make? Try 



1 uL 1 on 



Consider t'tiss ^fti 1 i L i Sy l eiu^i l i 1 y 
All the above examples have empluyed ilii^ 
sys teraa titiai l*y cunsidering pussi bl 1 1 L i^s . 



1 s I i , 



t .1 L i i £5 



i ■ 
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(1) Use the digits 0, 2, 4, 6| and 8 Co fill in the box^ below so. that r 
the dl-fferenco is as smali as possible. 



• A. 



Act it Out ' 

(1) If six people meet and each .ahakes everyone 'el^e *B hand, how' many hand^ 
. shakep take place? A grou^ of students was given this problem and 6 

of them went to a corner to act it out! 

(2) Can you make change Ser 50c using (a) 6 coins; (b) ^7 coins; (c) 8 coins 

(3) A man buys a hq^fs^e for ^$60, sells it tor $70, buys it back fur $80 and 
sellsi it for $^.^ Do6s he make a prof it or a lossV How much? 



M£^ke a Model 



(1) Can you cut a circular s^hape into 2 non congruent shapes that have 
equal areas? 

(2) A carpet 9m by 12m has m^\m by/ Bm piece cvit t)uL plcLur^d. A sua It' 
mudel mlghc help yoU' find a solutlun. * 



12 



1 

\ i ; /WW t H , t i . . =. 1 1 t fc I" ri t J f w el L t_ I t ! . . 1 1 1 f , , t 1 V 

iuiuaiiu. i/ An, t Wu i^t.ni v 11 i ell L ] .is itj.ld ht. 
u.-^ej ill Ltu. liiud^. i . 



) 1 1 I -i., 1 , . lit. 

i k fed r:i J p I u J , L' 1 d t tj 1 y 



We e:ni[.j|ld.s 1 "gut;^^ aii.l ijit-ck'' K y.> l.^ai I L ihLii 11.. .,..1 i. J , . , lu 

r^jniiciLLufi whl(._;h mlgliL he useful id:., he ur iii.e pr-cee.ia , ("iriai and tro. 

Implleia simply that Lhe s^iUver LrleEJ a suluLltJii biit due^ uuL usti Lh^ ffl^ 
t u rma L 1 v.M 1 , ) Tf 1 i S h u l i t 1 u la U ^ e d u f l e U a U J c ^4 n b p t u ,1 u C L i y e . 

I, I j ( ; a n V u I 1 1 u J i m tiii h t: f & m 1 1 1 1 i . 1 1 L 1 1 u l i .s i uu i 1 and p i d U C l H^i ?j c- 
aU.. 2.(2), and 4.(2) abi^y.. . 



^ it edCh- 1 u L L c L 1 ;3 a i.uJtf tul M di^^^ U . 1 

Euii owing add! Lion problem? 



SEND 
■f MORE 
MONEY , 



04 ^ ' - ■ B.64 

Work 'Bac kwards ' ' , ■ , ^ 

(1) ^llce, Barbara, and Connie played a game wilH chips, . 
Alice lost the first rdund* . ' = = 
Barbara lost the second round. ■ ^ ' 

Connie lost the third round'. / . 

If the loser -must double each player's chips, aKd e^ch 'had 8 chips at 

Che end of the 3 rounds, how many chips did each start with,? 

(2) One of nine baseballs is. heavier than the rest# How car\ you determine 
' which is the odd ball with a balance scale^in just two :welghings? 

/Tr^;, consider in'g the last welghi'ng first. ■ ' ' 

Make a Dr awing^ Figure or Graph = ^ ^ ^ ' 

(1) Construct AXB isosceles with base angles of 1-5° and obtuf^ angl^ at 
X. Knowing that ABGD is a square with pC in the interior, prove. t|i^'\ ^ 
X, ^nd D form verticea of an equilateral triangle, ^ ^ 

(2) Wh;en standing atop an object uf 10 or 20 feet highj if you lop)^ .dowTi, 
it appears much higher thap If you stand at the base an^d look up, is 
there a physical explanation of this? " • " ^ . 

(3) What is the largest area ydu can fence in wi,t<h 48m of fencang^ if a ■ - 
la|^ barn can be used^for'one side? ^ ^ . / 

Select Appropriate Notation . . ' 

(1) Find a^ll reC tang las with iuLei^lal s.lJ*^-i^ ^"uCh Lll^L lIo^ ai t^ijualis the 

petjmeter. . - _ ^ ' ^ 

A - P doesn't help inuch, but * 

; A ^ "£ * w aitd p ^ 2^^ + 2w or V ^ 
^ w ^ 2^ + 2w might help. 

H eti t ate t hg Pru b 1 atn ( in youi Ww i j 

(i) Can you find 3 puaiLiv^ Integer a ^ueh-tha.i LLie wI li.^ .1 ^jro c^i s 

is;: ao^iLitsgef.? A useful reytateiuent might be: 

{1} rind puslLlve (distiiiLL) iiiLeg?^as A, ^ a Lid D bUch that 

1/a 1/B + 1/C - D ^ 

'^li^'i^ kf)f ^i^^Hiii ii^^-iii ait J ilH_^ded ilii^^ Viiiii^ i"^' 

{[) A boLLlG of L-lder ^]U^LB 30 4.t;UCS. It Hi a . LA., , ues L s jUt,- il. ... 

the bottle, how much do^s ihe bottia ^ost: 

1 

(Z) .^ea (1) f=ilSu. 



(i) If the perimt-ter of a lecLau^u.^ ) i^in an. A liie i.-h^lIi ix^^ioj s»j 
*long as the widthj what are its diiuensiuna? , 



B.05' 



•B.05 



(2) Three Guernsey cows and two Holstein com give am muah|milk In four 
days as two Guernsey and four. Holstein cows giye in thfee days. Whtc^h 
kind of bow is . the better mllk^ produder? : * 

(3) A can with 40^ marbles in it weigHed 135 grams. - The'same can with 20 
. marbles weighed 75 g. What is^the weight' of- the can? 

1 3 . Identify a Subgdal ■. ^ ^ ^ 

.Sometimes a proBlem may seem overwhelming but there may.be a gubgoal which 
is simpler^ " " ' 
^ 

(i) Fill in the missini ntinbers.'in this addition table: - 



32 



36 



61 



51 



62 



29 



The problem may appear dittiLuU, buL mai^y . people could t lud X, ihcn Y. 
then 'Ai etc 

ii) Qi^un, SmlLh, Kay ward, and Duuc^ii hac3 dinner ^tpgethe^ uu&, evtulng. 
When they left the restaurant e~ach of them, by Tnls tklce j wa? wear ing 
L^ie cQ$t belun^lng to aomeune.else in the- par ty^'^lnd . the hat uf yttt 
Hdmeone ul«e. Smitli Lugk 01 Sun ^ s; hat , and'tfie man who took Duncan'fc; 
hac took Hayw^rd'a cuat^ Wliich hat and ^aat did eatih uf thw lueii takei.^ 



14, ho 1 vt^- a 



S i nip 1 K (or. j^iuina L ) Pi ubieiu 



il) UOtiaiJei; the prubieiu 1,(1) abqllL the imh..!... . i ..am.... J, 1 
intMubt^r^ ut a L;[ie^^ club, unt HL ralt^^.y mi^b, b. , t uuld 
iM..[.)leni if thtnt? w.ic' 2, J, 4 people in L ht^ , i yiU 



.i b^ lu 
o 1 V ti L h , 



IL iH Himpler to rind an au^wti it One uyti;. idtii a t \\u p.uiAiiiU f..* 2, 3, 
or A j^oiiiL^ (prubltjni and (2) are v^ry Hiinllar!) 

Lj ohangt; U^kU' P.J i lit t^E View 
n ti W f 1 1 L ^' I n a t i V e s . 
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(1) A test fr^ck f or npw car%f ia ocie kilomeGfx around .^.^ ^For the^ first Id'p^T . ... 
the test driver averagas^'30 km/h (kllomaters per hour) , How fast does 
the car t^ve Co travel the second lap to average* 60 km/h fop the 2 

laps? Many people" might guass 90 km/h because 30 + 9,0 - 60. How= 

■\ ' , 2 

ever, 90 is not co^act* Try calctilating the time to cover 2 laps at 
. 60 km/h . / , ^ 

(2) Without lifting your pencil frdm the ppperj draw 4 sLralglit Una seg- 
ments which pass through all 9 points. ^ ^ 



16, Chedc for H idden, Assum^t ions , / ^^^—^^^.^^^^^ 

\ . ^ ^^^^^ 

' , Here's a little dxeroise in creativity : - ■ 

(1) Coming down a hill covered with miuw are £ wo ski' tracks. One track is 
^ on oue side of a traa and the otht^r is on the p.ther side. Try to find 

a^t least I'D differant physical axplanationf to .fit thege facts, 

17, Use a Reso urce 

Sumetlrnes^ some apecitic infurmaLiuu may be helpful Adult prubl em^^so 1 vers 
often look up a formula they need or ask someone for help. It may ba Im- 
portant in working wich^youngsters Co Indicate tliat using a reBourca is 
often a viable heuristic. Another useful /and similar, heuristic ls« 
"Draw frqm your cognitive background." In problam 8.(1) one ini^hL have 
to racaiT'what he or she knows about isoscelas and equilateral triangles . 
to solva the problem. dix 15. (1> one might need to recall D"^ rt. 

WljLw. llic tinal b rieuLi^tlL.^ ara ultuii L.ail td '^L^ukltlB Back b L t a tt ^1 es'" bec^ii^e 
^ Lhey are typically employed after a solution baa been found. However, 

maLhemaLicH teachers realise that a ^teat deal Qt l^iiiiu^ can still 
take place after une t Ind^a ^oluLi^ni tu a pruljleiii, I'he luuking back 
hei^ristit;^ are pLubaUly the iiatde^t t.. tt:at..h becaus*^^ stuUents have been 
t ' > nd 1 1 i o tieU tt) sttip thiiikln^ about ^ pLut>leu! as soon as a sulutUin^ is / 
ruimd. We urgi^ a cwuc-erted effort tu eiuf^hasi^t: the^sL. heuiisticH LO iiu- 
i^rove sLiident learning, 

,„ . . ' X 

id* u L 1 1 1-' 1_ a I ^ ^ e 

4 urLeu solving a piu^bl^ui permits *Mit: makti a ^^^hc^lliI ^a.aLein^ia which ...n/ei^ 

• ■ ■ a nreat many situationH, InQludlng the probleni just s..lved. 

il) Ci^nsldet prubleili 1.(1) about the ..hedS ,Aab Attel tltiUli^H lii^^L Lli^ 

situation calls Lot 9m 8 f / t , . t 2 + l ^ 0 - 4S M^tnie , . it in ,um 
hard to SatJ Dhat if n people ^il: 111 tile club, 

fii I ) ¥ in - i) + . . . tit 1 t 0 = n(n U k^ii"=-' I'lu^t i-^ piayt^d, 

i li e s uin O r L h e f i c ^ t - ( u i ) i n l u ^ i ^5 , ; 



^2) SlmLiarly, If Que lias solved S=/(l)''and fourid (via a simpler problem 

and/o"r working" backv^rds) ttimc"on(? henvy ball of 3 can be .determined in 
one ^elghir^g ajid .phfe ot :9 in two, \w or s^e might determine that a' 
hfiavy bal4 'can Be found ' in n we i filings It'theru are '3^^ balls. 

Check the Solution *' . . ' 

— - — "-^^ ■ . ' e t =^ i 

Students somytini^^s makt! t^rrurH. Checking che rfulutiun. ran,'^fe^ helf^f \il in 
preventing on e^ from thinking an incorrect ^answer is ■cdrxe'et . 'For example^ 
recall ^rablem 15.(1). If a person thought 60 km Vh w4a Ico^^ct ^ he or 
'She coul'd check it as follows. ^ V ' ■ ' 

L> - rt sc^ the t in>e f oi* la ps^ of 1 km each 'at, ^60 km=/,h ./would^ be.: 
- 2 ^ ^ TOt ' / ' ^ ^ ' " 

5 = 1/20 liuur ^ 2 minutes, " ^ 4 

\^ But- how long did the first lap tak^-: ^ ■ ■ ^ 
U ^\ rt ^ -'^ 

1 - 30t ^ ' ^^-^ ^ 

t ^ 1/30^^-ouf = 2 minutes. - _ 

v/J'huiSj -the driver canuut go last euuru^h Uj^ do 2 laps a c . 60 kiii/h it; the 
fifat iap was at /30 km/h. 

Find Another^' Wa^ to ^ulve it . 

Often, after a prubl^m has been sodv^^d,. anuLtiei, ev^n. "^iickt-r" way i an be 
found to solve th^ prubletn. Go ud, prdbleinss are characterized aa being 
solvable in moLe than one wciy = = rf there Is onlv one way to sulve a prob- 
lem, studenLs* et Ports niuSl F tH 1 ow a rli^ld path to achit-vt^ a sulution. \ ^ 

b 1 I i d A 1 1 s * L 1 1 c- I b t .i 1 u i 1 M I \ 

Happily. t^..nh^ Ht-d^iuihti Uavt lUu i ^ than uiit* ^.luii-n. Cunsidej 2 {!) wtiU:h 

has moitj L hart- a sln^e soluLion. If this htMni^^ii^ is in a'stuJwiu'H tept^i 
toi 1 e , addlLLonal solyL iuns may hi; a^ai^JiL 

.^^U udy I , I nt iuu FrorLiHH 

Mm. Ou,..aLauL K-,.iuinHa ..in i. . . i M.,ai... .1.. ....lutiun |,lu 

wens 1 r t t- L WwiLltm '-''^ pitdMua! ^.^m^i ,uLlnMf* a i i Ugu i i^h' l.eLwut'U piodnti 

hitd ( I ... fsV [Ul- pEuJu. L in pi.a.jiMi) Soiuin^ 1,, il.e aiu* ) Aitu^jily, 
paiLi.ui.. pfMblein i ^, ..1 1 i L L U- vnlu. in iL^t-lt the Una^^i IS uiJt the 
,-oai. ;;.itli£:L th^ ^^tudtau./ .»bility tu a^.U- ohi- ui mutt: answ^is is of 
v;reat ..ihie. th^- p i u i ep^^ i tit- ut si.c .lupl.sva I L' n.nLli iiio l iiiipoitaUL an.l 
u^iuliil I oi {.It nit: pLi?t>lu:u. -jils/lu^ £3 1 I ...iC l^Mis th^ii I .inswfi 
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. . ^ . • ' . , : . - Summary ^ . - ' " 

' .^"Ihe fallowing heuristic^ have been llacad and exampllfiad in this paper. 

1^ l^ook for a battern ' = . . ^ . . . . 

. 2*^/ Construct' a tabl%j^^. ; , ■ ' ^ ^ = 

V 3#/ Gonsidar poss±bii*itlee sysite^ — , . . 

' 4, Act it ,^ut . . / 

5* Make' a; modal * , - ' : ^ ' * . : 

6 i . .Guess and check ^ ^ ' - . ^ ^ 

7 . ^ork back^ardl \ / ^: > ■ ■ - ■ ^ ... .-^ ^ ^ 

Make a drai/lng', .figur4 or gr^^ ' ^ ^ 

9, Selictappropria^a notation , . 

,10* Restate the-problam ) , ^ 

11* Identify" wanteds given s ^nd needad information - " ■ - 
12; * Write an open sentence ■ — ' 

13, Identify a subgoal^ . . : , 

14 Solve a simpler problem - - ' ^ ,i 

15, ^ Changa: your point of* vieW ' < 
16.. Ghack for hidden as|uniptiQns i- ■ - ■ - ■ 

17* Use a ..resoMce ^ • ■ - ^ " ^ ^ . — 

18. ' Genetaliza i '£_^> 

19. Check the. solution ' ^ ' - ' ^ 

20. Find .anochar. way tio solve It . y o . ^ ' ; . 
21s ^ Find anothar solution- > • - , 

22. .Study the s^^latioji process v ^^ 
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, ,, . ^ ^^^ . . .. . 

NATIONAL COUNCIL OF SUPBRVlSpRS OF MATHEMATICS 
^ ^ ■ POSITION PAPER ON 

BASIC MATHEMATICAL SKILLS ; . , 



INTRODUCTION 



RATIONALE FOR.THE EXPANDED DEFINITION 



' \ The qurrently popular slogan "Back to the Basrcs" 
has become a rallying cry of many who perceive a'need 

.for certain changes In education. The result is a trend 
.that has gained conslderaBle momentuni and has 
Initiated demands for programs and evaluations which 
emphasize narrowly defined skills. . x 

T ■ Mathematics educator^- n under 
consideraBf^ pressure from boards of .education, 
legislaturis, and citizens' groups who are demanding 

■ instructional programs which .will guarantee adquisi- 
tio^i of computatiqnal skills. Leaders in mathematics 
education have expressed a need for clarifying what are. 
the basic skills needed by students Who hope to 
participate succaspfully in adult society. 

I The riarrow definition of basic skills which equates; 

"mathematical competence with .cpmputational ability 
has evolved as a rasult of several forces: - 

, ;1irr: Declining scores on, standardized achievement ; 
tests and college entrance e)caminatlohs; 

2. Reactions to the results of the ^Jatlonal Assess- 
ment of. Educational Progress: ^ 

3. . Rising gpsts of education and increasing de- 
^^ \ rnandslof aGcountability; / ' ' 

4. Shifting emphasis in mithematlcs education 
from curriculum content to iWstructional methods 
and alternatives; \ l 

5. Increased awareness of the need to provide 
remedial-and compensatory programs; 

6. The widespread publicity given to each of the 

above by the rtiedia. V 
^ This widespread publidltyr in particular, has gen- " 
erated a call for action frbm goyernmentar agencies, 
educatlonar organizations, and community groups, in 
responding to these calls, the NatioHal Institute of 
Edugation adopted the area of basic skills as a major 
priority. This resulted in a^ Cdnference on Basic 
Matheniafical Skills ari^ Learning, held in Euclid. Ohio, 
in Qctober. '1975. • . • .- •. 

^ The National Council of Supervisors of 
Mathematics (NCSM),'durihg the 1976 Annual, Meeting, 
in Atlanta. Qeorgia. met in a special session to discuss, 
the Euclid Conference Report, More than lOO membe^ 
partjcipatlng in^that sesGron ekpressed the need for a. 
unified position on basic mathematical skills which 
vVould ena|jle them to provide more effective leadership 
within their respective school systems, to give adequate 
rationale and directloh in their tasks of Iniplementing 
.basic mathematics prpgrams, and . to appropriately 
expand the definition of basic skills. Hence,' by an 
overwhelming majdrlty, they mandated the NCSM- to 
establish _a task force to formulate a position on basic 
mathematical sl^ills. Thii statement Is the result of that^ 
O 1 A 



There . are many reasons why basic skilly must 
include, more than computption, The prGsent 
technological society requires daily use of such skills as 
estimating, problem solvirig,. interpretihg . data,/ 
;orgar>izlng data, measuring, predicting, arid appiying 
mathematics to everyday situations.. The changing 
needs of society, the ex plosibh of 'the" amount-^ of 
quantitative data, and the availabinty ofrcompute 
calculators demand a reaefihirig/ of the priorities for 
"*basic mathematics skills. In' recognition of^ the ■ 
Inadequacy of camputation alone, NCSM is going "on 
record as providing both a r general., list of basic 
; mathematical skills and a clarification of the needi for 
such an eKpanded definition of basic skills. 

Any list of basic skills must include computation. = 
However, ^ the role of computational skills in 
mathematics must be seen, in the light of the ■ 
contributions they— make ^ to one's ablRty to use^ - 
*rnath6matics in everyday living. In/ isolationW 
computationar skills contribute little to one*s abiJIty to! ; 
participate in niainstream society Combined effectively 
with the othe/ skill areas, they provide theJearner with • \. 
the basic matherini.atical ability needed by adults. H 



DEFINING BASIC SKILLS 
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The NCSM - views basic mathematicai skills as 
failing under terf vital areas, Th& ten skill arias are 
interrelated and many overlap with each other and with 
other dIsciplinesi 'Ali are basic to pupils' development of 
the ability to reason effectively in varied^situatlons. 

Thl^ expanded list is p/esented with the conviction 
that mathematics education must not emphasize 
computational skills to the neglect of other critical areas 
. of mathematics. The ten -components of basic 
mathemalicat skills are listed? below, but Ihl order of 
their listing . should not be interpreted as indicating 
either a priorit^jof Importance or a sequence for 
teaching and leaTnlhg, 

Furthermore, as society changes our ideas abput. 
which skills are basic also change. For exampliB. totiay 
our students should jearn to measure in both the 
customary and metric systems, but in the :future trie 
significance of. the customary system will be mostly 
historical. There^ wilhalso be Increasing emphasis on 
wkea tfnd hovv to use ha/id-held calculators and other 
e^i^onic devices in mathematics. ■ 
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TEN BASIC SKILL AREAS 



Prablert^ Solving % - " 

Learning to solve problerris IS the principal reason 
for styclying. mathematics:, ^robl&rn solving y is. the* 
prpcess of applying previqusly/acquirtd knovvfedg^^ 
new and unfamiliarsituatipns. Solving word problems 
texts Is one form of prpblem solvijig,\but students. also 
should be faced with nbn-textbopk problems. Prob- 
lem-solving strategies jnyolve posinV^uestlons, analyz- ^ 
[ng situation Sj^^^ 

drawing diagrarris, and usjhg triarand errorrln^olving 
.problems^.4tudents rieBd to be able to apply the rules of 
^ibgiq neeassaryio arrive at valid conclusion^. fThipymu^t 
W able to determine whlcM^ reley^iit: They 

should beiunfearful of arnying at tentajtve cdnclusioh.s 
a nd th ey must be w 1 1 1 i n g t o's u b j ec 1 1 hese co n c [u lions to 
scrutiny. ^ ' ■ 



Apptylng Mathematios to Everyday Situations 

The use or mathematics is interrelated with all 
computation activities. Students should be ehcoufaged 
to take everyday situattdnSi translate them .into 
^mathematicar expresaidns. solve the matheniatfdsi and 
interpret the results in light of the Initial si^ation. 



.Altrtneai to the Reasonabltritss of Rresults 



Due to arithmetic errors or other m istakes, results of 
mathematical work are sometimes vyrdr^, Students 
should learn to; inspect all results and to. check for 
reasonableness in teVms of the original prpbiem/With- 
the increase in the use of cajcujating devicesjn soQiety, . 
this skill is essential. .- ■- = .. . 



Estimation, and Approximation 

/ v''v' .V.' ^'-^^^^^ 

.Students sfrould be " able to carry out rapid 
apprDxImate carculations by first rounding off nunibers. 
they should acquire some simple techniques for 
estimating quar^tity, length, distance, weight, etc. It is 
also hecessary to decide when *a particular result Is' 
precise enough for the purpose at hand. / . ■ 



Appropriate Computational Skills _ ^ . % 

» ' ... ' .v^- ■ . . =■-■ ■' 

/Students should gain ;facility with addition, sub- 
traction, murtiplicafion, and dlyrsion ^ith whole num- 
bers and decimals. Today it nrjusl be recoghlzed that 
long, complicated; cdmputations will usually be done 
yvtlh a calculator.- Knowledge of single-digit number 
facts is essential and mental arithmetic is a valuable 
skill Moreover, there are everyday situations which 
I Hpfnand recognition of. and simple computation with. 
V^imoh fractions, , • 
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., Because= consumers continually deal With: 
sifuatidns that Involve' percentage, the abl|jty'{^: 
recognize and use percents should, be ^eyeioped and 
maihtai-ned. . • ^ ■ 



Geometry ^ ^ ■. v"'; ^'. ' 

Students should learn the geometric concepts jhey 
* will need to function effectively in the 3-^ 
world. They should have knowledge of concepts'luch as 
pqint. line, plane, paraflel, and perpeWdlcular^ Th^ 
should know basic properties of \slmpre geometric 
figures, particularly those propertiea which relate to 
measurement and 'probleiri-solving ikin 
mjust be able to^recognirt slmilaritiesiand differences 
artfion^ ohj#dts- ffc> ^*^^^^ / - ^^ ^ 7 



As a minimufin skill, students should be abre to 
rneasure distanceii vyeight, time, - capacity/ and 
temperature. Measurement of atfgles and carcufations 
of simple areas and volumes are also essential. Students 
should be able to perform measurement in both metric 
and.customary systems using the^appropriate tools; , 



Read|rig, Inttr^retlng, and ConstruptlhgTableSt Charts^ 

" and ;Graphs V; =^ ---^^^ . ^ ..^..-^ 

Students should know how to read and draw 
conclusions ' from simpteA tables, niaps/ cfTaris/ind 
graphs. They should bf^abll to condense numerical; 
information into more mahaglabieorrneaningfurterms 
\by setti'ng up simpi© tables, -charts, and'^raphs. ^ 



Using Mathematics to PrtdloV \ ^ 

: J Students should learn how elementary notions of 
pi'6bab;!niy are used to determine the likeliho 
events 'TKfey .shaulddearn to identify situations where 
immediate past^ekpifltentee. does not. affeci the^, t^e- 
lihood of future events. They. should become fa^mj|j;af- 
with how mathennatiGs Is^u^ed t^ help make predictions 
such as election forecasts! ^ . ^ 



Computer Literacy 

It IS important for aii;citizens to understand whnt 
coriiputers can and cannot dp. Students should be 
aware of the many uses of computers in society, r,uch as 
their use In teaching/lenrning. financial trdnsaGtions, 
and Mnforrpation storage and retrieval. T«he "mystique; 
surrpunding computers Is disturbing and cgn put 
persdns'wrth no undirsfandirrg of ^mputers at a 
disadvantage. The jncreasifig use of computers by 
government, industry, and busine^p demands an 
awareness of cprriputer uses and limitatidns, 
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BASIC SJ^ILLil AND THi STUDE^JT'S FU^^ 



DEVELOPING THE ^ASIC SKILLS 



\ ^\ Anypbe idopting a definition of basic:skills should, 
consider tfie:^*yaor-ope 

of the lfst>'The fpllowirigHdiagram lliystrates expected 
•outcomes aisoctated .:with various amo'unts of skili 
divelppment.: : V ; \ - ./ ^ 



Sklll„bevelQpmant 



EXPANDED SKILLS . 

M a th^ m a t i c a r s k 1 1 1 
bBypnd those descri tf- 
ed H e re p I u s a d es i f&Ao ; 
learh mbre. ^ * 



Expected, Outcbmei 




POTENTIAL 
LEADERS 

.Emplp^roent. andvedu^^ 
cationar opportunities 
w i 1 1 tfo n t i ri u e - Jo 
)nd/iase as rnathe-' 
maticaj skills continue 
tp grow: . ^ 



' One individual differishcieamphg studeritsisslylep^ 
way of learhing. In offerin.g.:opporturiitres to learh^^t^^ 
^basic , skills, options must ,be provided^ to meet these 
varying, learning styles,: T^he fertSent^^'^^ 
mbverfiient may lead to an erTiphasis on and^ractfce 
as a way to learn. \- \ 

'\ Certainfy drill and praQtice is a viabl^^ption, hutjt is 
only one of many possible ways to brmg about learning 
and to create interest and motivation in students: 
Learniipg centers, con tracts, tutorial sessions, individual . 
and smallj- group projects; games, i simulations and 
cornmunity^based activities are some nf the other 
Qptiphs that can provide the bpportLjmty to learn basjo 
skillsV Furthermdre^^to -help ntuderitsJullv undei^^tar^ 

' Basta ;mathen:iatipal::corl 
they full rarigO :pf ^activities;- and a^il^fC ; 

Including obiects the students'can adtjjally handle ' 
; The learning of b^slc:>matrtematicar skijil Is a 

^donti^nuing; process which extends through^rfll of the = 
years a student is in schpol .fn fDarticular, a^tfindehcy to ' 
emphisi^e cornputation while neglecting/tne other ninef ? 
skili areas at the elemehtary l#^^ musj be .avoided! 



BASIC SKILLS 

The Skills -descri^ 
here - 



EMPLOYMENT VERY 
LIKELY . 

Employment ^ 0 pp o r ^ 
tunifies are predict-^ 
abtf. Dbors tovftjrther 
education oppaftuni- 
ties are open. ^ 



MINIMALJKILLS 

1.1 ni1.fiti s k i 1 1 s p r i ma r i ly 
compLitation/ Little 
exposure to the other 
Skill a reas, desc r i bed 
here. 



LIMITEDv 
OPPORtUNITIES 

jyoemployment likely. 
Potential generally 
limited to low-level x 

jbbs. ; * ' ' 



MINIMUM ESSENTIALS F QR H I G H -SCHOOL 
GRADUATION 



m 



Today : some school boards and state legislatures 
anevstarjtmg -to mandate mastery of mjhi.munr) essen.tial 
skilfs in fea^d ing and mathematics as & requirement fdr 
high-BchopI graduation. Jn the prdcess, they fjiould 
cpnsidei' the pqtentlat pitfalls of doing this without an 
apprdprislte definltloh; pf "basic skllls/l If .the 
mathematics requir6mir'ts are Set Inordinately high, 
thfen a significant humber of^students may hot be able to 
graduates Qn the other hindv if the matJiematics 
reduirements are%ef too low and mathematical skills are 
tpo narrovyly defined, the resMit could be a sterile 
mathematics prograrn concentrating exclusively on 
earning of low-level mathematical skills. This position,, 
aper neither recommends nor condemns mrnlmal 
'cpmpetencies for high-schopl graduation. Hbweve^the - 
ten components of basic skills stated here can serve as 
guidelmes for state and local school systems Jhat "are 
considering the establishment of minimum essential 
graduation requiVemenjts. . ' 



EKLC 



EVALUATING 
PROGRESS 




AND Rg PORTING STUDBNT 



Any systematic attem^ to develop basic sk 
necessarily be eoricerned^ with evaTuatin^nd reporting- 
pupil progress. 

In evaluation, tesi results are used to judge, the 
effectiveness of tM-pstructiofiav^ 
needed adjusimjents in the curriculum andlnstructibn; 
foi^ the Individual ^tudent. In general, both educatbrs 
.and the publjc Mave accepted and emphasized an 
overuse of: and/'overconfidence ^ m the results iof 
standardized /tests= Standardized tests yiejd 
cpmparispns between stcidents and can provide a rank 
ordering, of inmyiduals; schools; pr districts. However, 
standardized tests Have several limitations including the 
following: 

a: Itemi are hdt necessarily generated to rrteasure 
■ a speGlfic objective or instructional aim, ' 
tb.- The tests measure only a san^ple of the c^ 

that yriakes up a prpgtam; certain outcomes are 
:< not measured atall. v ^ u * 

feBecaiJse they do not supply/s.Ufflcient information - 
about -hdw much^ mathematifis a, vstudent kfipws/ 
standardised tefts arenot the best^nstruments available 
forfeportihg individual pupil growth Otber aiterhlatlyes 
such as /criterioh tests or corripetency tests must be 
conslder^ed; In criteripn tests, 4+erns are generated which 
measure ,the specific objectives of the program and. 
which^sfablish the student's leverof mastery of these 
objectiA^es;Cqrnpetency tests are designed to determine 
If the ihdiyldualj^has. rnasteiedth necessary for a 

certalr^ purpostf'such as entry into the job rriarket. Ther^ ^ 
Is also need for opeh^ended assessments such as 
observations, interviews! and manipulative tasks to 
assesj| skills which paper and pencil tests "do not 
measUre adequately. , . ' - 

' ^^egorts of pupil progress will surely be madej But. 
while standardized tests will probably continue^ to 
ddm^in.atfe the testing scene for several years, there i^ an 
urgent, need to be^in reporting pupil progress in'other 
tirnf^s. such as crjterlpn tests andi-'competencY 
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measurts, ^ftls^ift^'also ^dimanit|. an : Immieajate ;and / 
. ex tehsi ve p rog^BW of i nseryl ce' ed ucat i oh to Lps trwCW he 
general puiJiil on the meaning -a interpretation of 
such datalarid tp':enible iwicnerB tp usa tisting as a vital 
: part di^the jhstrujCtrona! prpcpss^ / 
li^^'Garae. scale testing, wheth^ involving all students 
ran&om;sampler can^^r^^ interprelatipn&vvhich 
"have great; .influence: oh curriciilimv 'revisions ^ a 
developnTent, Test\re$u(ts can indicmH. for>e^ample> 
that a^'particular niathematical topic Is bfiing taught at 
the wrbng tlnie in the student's development and that It 
nvght better^ Jbe^jntroduced l^ter or earlier in the 
curriculum, pr, the results might Ind i cat e that students 
ar^ confused a^out some^ topic aa a result of 
Jnappropriate teaching proceduresV In any case; test = 
resulta should be carefully. examlned by educators witH . 
sjDecrar s^illt in .the area of curriculurri development -V- 
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. The present paper rfi^yesenti;: > -p 
'attempt by the Nationaf Cdundil pf,:Superyisors of 
:^ -Mathematics; to clarify and Communicate its^ position 
r -on "basics malhimati'cai :ski|l|. 

istabiishes a' framevvork witljfip ,whrch:; iedisiops'^ on 
p rb gx a f n planning a h d . i m pi em en tati o n; can be m a d.e. 
If^ also sets forthr the underlying rationale; for 
identifying and developing iDasic skills and f5r 
.evaluating, pupils' acguisition of fKesQ competencies: 
/ Th^ NiCSM position underscores Mhe/ fundamental 
'^bf lie f of Ihe National Coijncil: of; Supervisors, of 
^^/l-^aihematics ^tHat any effective program -of basic 
■ y^|Tiithematjpal skills must .be.dir&Gted not "back" but 
; T^fe^yvary to^^ the{ e^ 
^^^r^serit and future/ v ■ > 



You are aneouragad to make and 
distributa oepias of this papar. 



/ The NCSM positron paper was prepared^ 
pursuant to'a contract with the National 

, Institute of Education, U:S, Departmenf 

; of ' Health- Educattoh arid VVelfare. 

■ Cbntractbrs'uhdertaking such projects 
under gbvernrnfht sponsorship are 

T encbu raged idr- .e)<press ; freely thei r; 
judgment in professional and technical 
fT3atter|, Points of view or/opinlons do 
noti "therefore, necessarily repi%ient 
official National Institute of Educatipn 

^^osition or policy. , . / 
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- A CLASSIFIED LIST OF- PROBLEM- SOLVING SKILLS* 

' =■ ^ ' ' ^ . = ■• ' -. = =^ . '° : - = ' : ■• " ; 

Ai iyProblem Discovery, ^Formulation . ' \ ' 

= 1* Statue tha problem In ^ouir. own words* x(Read and restate.) . . 

2.: Clarify/the prpbiem by' asking, questions* . . . .-^ ^ 

" 3. VisualiEa an object firom its deseriptions . mathematical notation, or its 

drawing* ^ : — ; - , ^ \- . 4 

. Follow written and/or oral directions* . * : ' . / ^ 

B. .Se#king Information ^ e - . 

Sv*' Determine and; collect data needed to solve the /problem. . 
. 6* Share ,,/^ta and results with other interested persons.. 

7 . Lispen to persons (inciuding "teacher) who have' relevant knowledge and 
; . ' ^experiences to share* . ^- . ^ T . . : \ " 

"'8. Identify^SQ.urces .of information. ; / / 

■ 9. • Search printed matt information . v . » . .^ 7 

.10.. . Hake necessary measurements for obtaining a solution. - / 
11* Record solution possibilities, solution attempts .(including making a- 

list or * table) * ^ / ; - \ . ; \ /' ^' 

12* Recall and list related Information and - / 

C* Analyzing information / . 

13. Eliminate Cor ignore date (or information). ^^tTneeded* / 

14. Recognize attributes (properties) of an object or mathematical idea* 

- 15 ;v Find likenesse^and dif ference^ v / ; 

.16*' Classify. obj.ects or mathematical ideas (sorting)* : '■\^..IL.,_ . 
17 *. Make and use a drawing, diagram, or physical, modul * ^ j . . 

18. Make a systematic lis ting,-a . table, -chart, or graph. - / 
- 19. .Identify trends (patterns) suggested by data^ in- lists ^ charts, tables, 
or graphs * . ^ / . . . = 

>2Qi. Selfect appropriate notation^ ' . / = 

. 21; . translate the problem situation intifi. mathematical notation. 
■r ll. Break a complicated, problem into manageable parts* (Break problem Into 
parts or steps.) ^ / ^ 

D*. iSplve"gutting it together--^Synthesis ^ v :^ v ./ ^ . 

23. Make predictions and conjectures (usually statements pf relationships) 

;based upon observed, patterns;* , \ / ^ 

"24. Make decisions b^sed upon data. ^ [ \ , / 
25. Make necessary irteasurements for checking a solution./ 
26* Make necessary computations needed for t solation/* 

27^ Recognize limits and/or eliminate possibilities ' (l^clurflng the use^f 

:^ V contradictions) . , / ^ / 

28. Make reasonable estimates^ as answers*' 

29. * Guess, check, anSrrefine* ■ ' ■ ; / 

. 30* Solve an easier b« related problem.* Study solution process for clues* 
';.31*^ Satisfy one condition at a .time* ;= ' : • ' 

^Developed by the' Lan^ County Mathematics Project . OscaF Schaaf, Director., 
Eugene , Oregon-, 1978. 



32, Lgok at ^problem s± points of view (Including "Aha" 

■ " phenomena) . — - ' ^ , = , 

■33v : Apply* what you^ k^ (deductive reason—chain reasoning) . ■ ^ " . ^ ' 

34. 'Work backwards (using .undoing procedures) . • . = ^ ; _ 

35. Check calculated inswara by taking approximations^. ^.^4- 
36 • Detect errors* * . , . • ' 

Looking Back Consolidating' Gains . ; 

37* Make explanatlbns based upon data. ! . t . 

;38, Solve a problem by using different procedures*^ 

'39 - Search-f or^-or- be a^are of - other-solutions Cincluding the use~ of' s5r^ 
40* Double check solutions by using some formal Reasoning method (mathe= . 

matlcal proof)* . . ' - 

41' ^S^tudy the solution process* ^ > - . ^ ; ^. 

42* Find, or invent a problem situation which can bB solved by ,a set of cal- 
culators* ' ' V" i > 
43*^ Generalise . a p^^lem solution so as to "Include other solutions. 

Looking Ahead— Formulating New Problems 
44. invent . new problems by varying an old one Cincluding the use of: analogy, 

. . V ■ " ^ = - .="-■■ ■ ■ ^ . ^ . ■ , ■ = 

= : ^ ■ ^ . . \. . . . ^ ■ \ 

% 



V - g PROBLm SOLVING RESOURCES . \ - - ' ^ 

PROBLEM SOLVING SCPRATEGIES MD' HOW TO" ^MCH PROBLHl SOLVING. ^ 

BottSs tollman. "Probleni Bqlvins in Mathematics," I5 II. , Mathematics 
' Teacher , 58 C<^ct.,.Nov. 1965), ^96-500, 596-600. . . " 

- Bnphaai^-s-^^a importance of problem solving, in school mathematics 
and illustrates /the way in which one problem leads* to a whole 
chain, of problems'.-^ _ . _ 

^Butts 5 Thomas* Problem^ Solving in "Mathematici^ Glenview, Illinois . 
^ / Scott; Poresman^ Compare, ISTS- '\ ^ ' . 

*A collection of problems dealfng with'arlthmetic and elementary 
/ ^ number^ theory 5 includes some discussion of problem solmng from 
both the studentis and. the= teacher -.s. point of view. . ; : = ■ 

"Conquering Word 'Problems 4n Mathematics." Glen. Ellynj Illinois' =; . • . - 

f^ath House, 1979- ■ / ^ "^ ■ 

/ Ten cassette/worKsheet lessons on practical ways to approach word"^ 
' problems. Topics range from how to rea^. the p:^oblem to ^checking 
: the ansi^r, -■ ■ - = * - 

' ■ , ■■ ^ ' . '■ ^ . =. "■. .. ' ' ■. . ' . • 

^Fremont, Herbert, Teachihg Seconda^ Mathematics Through Applj^ations 
: (2nd Edition)* . Boston. -Prindle3 :Weber^^:a^ Schmidt.5 1979^-:- ^- - - - : 

- A methods course textbook which takes a problem-solving approach 
to (Jeveloping appreciation ind^ enthusiasm for mathematic It. , 
> utilizes a wide variety of ^applications and pii2zles to. illustrate^ 
= why mathematics is important. 



New :York^ .Scientific Americanj ,tr 



^Gardner, Martin, The Aha I Box. , New :York^ . Scientific^ American 5 Inc. . 

Sudder> hunches that l^ad to short , elegant 5 problem so lUt ions are 
sometimes called "aha!" reactions. This is a set of six sets of 
> \ nmthematical problems presented^in filmstrip/^assette -format . _ ; 

*Gardne^^ Martin.^ Aha! Insight . San Francisco, W* H. Preeman & Co/" 

Sixty-Sive puzzles which have gmlqkie solutions, each presented 
with the aid of a :series of cartoons , piscussion of each problem 
leads, the reader toward a soliition and ihtq other i:elated problems 

^Goldin, JGerald . A^ and McClintock. G.| Edwin '(editors ) . Task Vajrlables 
in Mathematical^ Problem Solving .^^^ Coluir^us , .ERIC/SMEAC, 197^- 

A framework.-f or, research in p 

categorizing and defihing variables describing" problem tasks. ^ ^ 
Teaching strategies are also describ|4. ^ . = 
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*Grleries s ; Ca;r.Qle ; vGregory? Joto; and SayTOiir ^ ' Dalev^ Successful F^oblem^ 
■ ■•■ Solving Techniques . Palo'Aito, Califorhias^ Credtive Publications',: 

'•';^;;:;' '/i9Tt.-: . , J ' \ ' \ i . ^ ^ ' - ^ 

/^De.sdrites: nlne'^^t^^ for solving prpbltraB. The book is , 

. . : vwritten. for^ ^to otudents and -teachers. . LiMted reproduction ^ 
.% •permi^lon. jrari^ - \ / . . "- ^ . 

^Greenes , Carole ^ Willcutt> Rdhert \ and; Spikell ^ Mark * . Problem Soljvlng .; c 

/ ' in the Mat^i Labr. -/How To Do'^lt . . Boston.,:: Prlndle, Weber and 
— vSchinidtv-1 ^- ■...1.. . / j.:... 

. A resource, book fbr education 
-courses. The lessons ^ based on classraom -experiences 5 &re intended 
V. to develop problem-solving abil^^ laborotory activities. 

^Hatflelds Larry and^ Bradb>a'rd; David (editors MatheipatiGar Problem . ^ ^ ^ 
^^ Soiving: FapQrs'^^ from a Research Workshop . ^Columbus., ^10/ SMMC 5; . ' 

■ 1978, v^' ' x 4 

. Five/papers discussing research and Instruct ion. in"|problem. solving. 



Henderson) I^enneth 
V Mathfma/tids V;;' 
■ . ' Practice gf edited by, Howard Fehr 



d Pirigr/JvRobert J\- : "Problem Solving , ir>' 
e Eearrlinfi^ of Mathematics i ^ Its Theory and 



Tkenty-first- year.bo6k./0f the ^^^^ of . > 

^MatheInatica^p^.. %flhihgton gK JDC^ ; JL953*^ ;\ ^ :_ ;L - .. = ■ ^ .: . 

A useful reference for the tep.eher that dipcusses the theories of 
problem solving and their impilcatlons for ihstructional approaches 
. in the I qlassrodm* __ \ ' - _ " ' > \ ; ". ^ . . 



Higgins , Jon . A\ New Look at Heuristic Teaching , 
■ : Teacher 6U (Dct. 1971;)* i^8T-ii95. :^ 



Mathematics - 



A reformulatioa of the concept of heuristic .teachi^gN^ terms of 
problem solving methods and instructional -methods, .Coftaeq^uences 
include a more flexible approach; to and iriore student participation 
in the teaching/learning .process, ^ "' ; 



Hughes, Barnabas, Thinkirig Through Problems i 
. \ V Creative 'PubllcatioiiSs. 197 t 



Palo Alto,' California, 



A manual which provides the teacher with a structure within which^ 
problem: solving comes alive* Uses topics such as Paacal^s trlK . 
togJJe 5 /Fibonacci nmbfers 5 an^^^ arouse / 

students' intere'st In ejqploring and analyzing patterris* For; 
gifted studehts; in. grades lO^lU," , ^ , ^ 
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^JuEdi^i Wallace . ft^bMam Solving Kit for Use wltlr a CalciqatQr , ■ - . - |=* : ■ 
Chicago* Scierlce Research^ Associatas^ ,19^T ■ -\ ; . 

' This classroom kit ..includes 12 problam-solving sections 5 eacji; p;f ^ , ' . 
= ; T^hich strM a different problem-solving technique or. area,-^^.In; ij 
^addition to the student wotkc and. record folders , the. fcd^A^on^^ 
tains spirit masters for evaluating student achiavement and .a^^^^^^ 
;^ teachar' E -giiide. "m" \, / ^ : 

^kilpat^ickV Jererii^F and' WirsgupV ^^I^^aak ( editors ). . . Soviit Studies ;in .thc^ 
■-^ • - ^ - -^ ggjrcholQfey: of -Learhlri^^^^ , Vbluma : 6 _ 

- Ins'trudtion - in'Prohlem Solving .- . Stanfordv Cklifornia. Schpor 
. I&themat ies^ Study Group ^ 19T2\ Available fromi National . Coim'cli: . 
. of TeaGhers of .MathamatidSs Reston^^^'^^^ [ ' ' ■ ■ . ; ^ 

Klnsella^^ J, J. "^©biep:-SpiVirig, 'V Tn'The Tfeichtojg Qj^ Secondsi£^y School 

Mathe^ticsV - edijbad. by Rosskopf . Thirtyuthl^:5^^p^ the ' 

, National Gouneii of Teachers' of MatHemtics /; Washl^ ^ ^ 

; This qi sous s ion provided teachers with an extensiva collection of 
V ^^n.stechniques for teaching; 'problem solving ; . ^ ■ \ 

'*i^uiik 5- Stephen (edit or>,' V Prdblem : Solving in School Mathematics , I'gBO 
.. . .Meafbodk* Reston^ Va. National Council of Teachers of Mathematics , 

^ i9B0v^; \ ■■ ; ■ .. /.^^ ^.-z ' ' - : ^. ■ - ■ . 

A collection of essays on learnihg and teaching how to solve ^ . ; 
- ; prol^jsmsv : Brand new* ; • ; -~iv / • . _ . . = ^ _ i. . .. _ .. , 



Kriallk^ S^fephen; 'tod Rudnlck, Jesse Problem Solvihg: - A Handbook for 
Teachers , . Rockleighs N.Y. Longwood Plvisiohj Allyn and Bacon., 

. : A eollactiori of problem solving strategies :and teaching suggestions 5- ^ 
plus ^trate^ games ^ over /SOO uriusual * problems ^ and aS; blacklina ^r-i-:'. 
masters of selected problems ready . for du5licatlonV' ''r 

^Lefih^ Richard, et .al - f editors ) ,- Appligd\Mathematical Prob lem Solving. " ■ 
" .".ColUB^us, ■ ERIC/SMMCv :i9T9V/:-. .'. .V .l".' ^ ; . , . " ^ 

Varied :perspectiva's on' fi^pplie^ problem, solving 5 including research; 
findings: :and models for instruction. .Considers motivation, learn-r 
ing 'disabilities, iTiformationp and th'eorles of pr obi em; 

' / ^ ^solving, / _ =• ^ ^ ' ■ 

Weiring, SteveH, Problem Solving^ . A Basic Mathematics- Goal . ^ Columbua^ 
Ohio/ Department of- Education. 1979. .. /: \ ■. 

' .A resource manual for- in^s^ryicfc^ an\analysis of 

■;.= . , . probienj-soiving strategies , teaching;. considerations, and ways to 
make problem solving a part of any. mathein^p.tibs curriculuiTi| 



.. ./'^ ■ ' ^ ' ■ ' -^^';^^f^^^^v^:-^■■;''^^ .:v; ^ '.'^'^.-^ ^-'i \ ; 

Mmani Jblm' (editor) ;- "Prot^lem Solving; " Spe'^iaL issue of Sdhobl ^ ? / ^ 
Soiaifee : and Mathematics ^ 76 (March 19T8}.- - ' v \ % ^ ^ 

' \ A do^en' articles on the role of prbWera solving ,^n the matheniaties 
■ cur^ictll^m;^ from hi story'; and #es4arch i^f lndtogs;:j^o^.\pract^QSEfl^ 

room .tec hni qua ' ■ ■ ■ - . ^ . : n ^i'i^;-:^^:: . 

Pinker s 'tAron. "On the Teiidhing ©fr ^plications, at MathemtioS''" td^^lv J^^^ ■ 
Stud^nis--Who/ Behavioral.' aniV 

Social^ JL978 ) 5. 



D&^cViption and: examples of the direct quote^^y^ (D^^ 
Thase 'involTO a direct quotation from= some publication v identifica- 
.Jjion of the source ;^^^a^ mthematieal ^question to b^-ans>rered. on 
th,a hasis of this quotation.' ' = ' V ' 



*:^blya 5 George*' ' How to Solve it . : 'Princeton:; IJi Press s Princetonj N^J.", ' 

*^ A ciassicVhahdhbok of problem-solving techniques sVprgan^^ 

four min themes r understanding t^ problems devisiiig a plan g^^^^^;^,; / 
carrying out the plan ^^d looking back. < Includes a "dlotibnary 



■of Heuristic^'-' 



■^Polya, Gebrge. MathematiGal Discovefar^ g vols. Nt>r %ork, John wfi.©y>^;y 
• ■ - ■ ■ and 'Sons: 1962i 1965- . .. v . : ,• . / ■■-■- - ' ■ - > 

.Presents problem s&lvlng Jrom tip fte^U^^^ of view,^ By , \ 

:prese.nting model solutions which ^suggest " a coigmbn ^patterh of - -^^^ 
' ' .."^ol^ng" frbblfejias j^it gives th^. rpader^^ gopd emmples fov ImitdtiDnv 
, r : along with^^^^^ second par^t- ; 

'■ ^ develops a general thebiy of understandings : learnt and tfaaching 
^ ' \ ' problem splvingrf^^. ^ ^ 4= - \ ; ^-^^ ■ ^ : , ■ , 

^"Problem Solvlng;'V r^ Special issue of ^Bie \te±thmetic. Teaoh^ ^ 2p . ^ ; ;^ 
(November^ 1977.) V \ ; ; ' v ■ ■ ■ • V " ■ "/ ; . - ' 

: 'AspOTta of i^'daqhing' problem sblvln:| ^in th#prijnapy and middlfe ; 
' .school classroom, Ineludes psychbloggLcal reseat 
- ideasv and a diagnostic -pr agprpach to teaching wbrd,^ . 

" proiDlems*. ■ . ". ■ =", .-; - ^ . . ' * ^ . ' 

; Scaridura ^ J* ' M* ^'Mathematieaii Problfeffl . Solving. " ' American Mathematical ; 
; Mbntlily Si :(MarcL l97ft) V ';273-^^^ ; - ^ : ' ' ■ ^ 

/ ' • "A major portion^- bf prbblem ablving 'a^^iity can be 'traded 'to. :> 
' ^ . the -pres^nce^ or ^bsenqe. of 'higher o 
' possible to combine tKe^'c . 
into a- coherent whole *^' '* , > ^v' 
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; : .Sayj^Fj^j^-;Df^ Ftxilte Differences :' - A : Pattgrh- • ■ , 

- ' -fe'^^v ^P^ebvery Approaeh to Problem Solving / Palo Alto Ca;lifdrniaV . >■ 
.^/^ ^ Ci^\^l|fce^^ ' ■ : 

= ■^'V.if^S'-i^'^::^^ .\ . • ■ • . ■ *• . ^ . • . , ' n 

^J^i; /^■\* ^' 'A^elf-teachtng rissQiirce* using a flnit^a aifferancas apprM^ch to . ■ 
■. ' = ^-^^ problems.. The booH Is applrbprlat a for students .teadherS' ; 

• ; ' ' = possessing wide range of pa^oMein solving skills and . mthernatics - ^. ,/ 
^ \ baclcgrpimds. ^ ^ . '/'/j ."^^V . . ■] 

/^"Teaching via Problem SqIvI^^ and Mathematics ; -Palo . .[ ' ' : 

L..^j.^-.^: -: Alto 5 -Calif ornia. ^Greative^Publicat - - ' - _ : 

_ . One , of th^ didactics from the ^^f^^ Resour-ge ft'oject,* . , 

.. - V . ^ v Discusses hbw,t0 &se/ tieijristiS's' in. 1ieaching«^ .^^.>;"> ^"i!\5r>:.^*'j;V / 

/ ' ^ . ;^Q?ravers5 Kenneth PlKaa^"^ Ledi Suyda^^^^^^ '-V'-''^ ;. 

; Garth E. ; Mathematics ^^achMte * Hey^'^ork^^ Harper and Row 1977.* .; 

• V..;:^: ^ ^ ■ • " ,. ' , . ■ ■ ■ '^x^y' - ' ' ^ ■ . -^^^ 

■ . , . ; vA'^c^hajte the ' eharacte'rf- / . 

i^^'^* ■ istics 'of a,vi^th©msrta&ai" 'problem mnd^^ problem ; ■ ' : = 



; ^ , ' T;- -Tro-utmns VAndrla and Lichtenger, Betty /^Tlunka"^tv; / ''Prdbiem^ \ ■ 

- V ■ Solving =in the General Mathematics ■. Clas sroom^j"- ^ - feth^^ s > - . \. v 

- : - ^ - ^Teacher 67^ (Nov. ig7^)v 590"597-^ / " ^ ' ' ^ ■ ; . ; 

■ - Describes seven specific abilities related 'to spiving probleM^ . : ' 

'^^;/y:^ ,^..,^.^. BXi6. w^^^BtB appropriate problem-solving actlvitl that help to. * * 
~ r i * //devalop this eT specific /a^ ■ ^ ': ' . \: - / \ / _ ; . 

^Wi^HergMns Wayne Ai How'^g'tBOlye^ Problems . San Franfcis.fo* Treeman . ■ 

,j Analyses .the ^^^^ solving, and ' identifies Sfven * 

/ ; v ;, major metjiodsw — lU^ ■ . . . . 

, ; ; \\provlied. ■ . ' ; ' ' '[■ ' ■ .. ■ ' ■ " ^ _ . ^ >^ ; ^ ^\ ^ '■. 

■ / - Vfirts,/ R* ' pr 11 - and _Pr aq 1 1 c e at t he . Pr obi em jo IVl ng Level 
' " r ' Washl^i^oh ISurriculum Developme 

■ : Provides probiera-soivin'g' activltifeBjfat thei-^jn^nipulatlvey^i^^^^^ ■ ' . 

W'^ ; 'M^^. at ional and. ^^bstract^ levels.. . =; .. . ■' ■ ' / . \ ^ " . v 

■ / \ \ Yeahurun,: Shraga* The Co ^i4i-*ve Method: A Strategtr-for 'TOachihgy W^ \ 
, : ^- ' • !v;t;i^i,!^- 'E^Qb3.tma. ^->^ Reaton > Va.'. National CSuncil of .TeMchers of ' ' ■ Vv ■ ' ^ ''V' 
=^ - ■ Mathematics V. 1^79. ■ ^-.^ ■ ^-^ , ■ ^ • 

' . ; ' v Details method for transforming word problems into equations, ,;. 

The author 'claims that it works equally well with all abllitj^ J,://;'/ . >■ 



\ ■ ; \ / ■ = V ■■■ ' ■ • - ' v. • ^ \^^.- ■ ' 

' Bdii, W/ Rouse^^and Coxeter , H , sjSjU^'^ fetMioa^tG^ - 
' - - ^s&y 3 , -twelfth edition. m^gir^W;^^lyersi of ■.Toronto ;%ess,.\; 

. • ' ' ■ Th^^iaiest' in a long, line b^Srevisiptts of thifi classic compendiim . 

• ^ . ^ of ^bse Ghi#f appeal ii a;# gameB or- puzzles . rather t^^ 

^^^'jy^!!f^^^M application^^. While^nO^calculus pr analytic 

. can .be' ye^y .qhajjlenglng. ; rV^ v ': . 

/ .-.^B^ll^^Mx S,. Mathematical Uses and i^Af & in^.^QTO^E^^ ^ 
^ Studies /inldathema^^ Vollim^^^HC; SMSGiV3.9 jSi/;^ ^ w '.^^ft^ ' ^ 

... ' : A source book of .mathetaaticai problems takeri from the "real : world. , , 
:a^&si^es matheraa^ nimericai informa/tlon,- measw 

■ ,V ■ mentvraad:vf^mi^ pEbtlems; are open-erideds^ and:fw answers . 

; ;. \ - . - ■ . aie'iw^wfeQ^ ' ^ ^ ^ -\ - ' - ^ ^'^ 

: V Wyt^-^ Mftx (editor ) / 3ome Uses of MathemAti Studies in :■ ' 

-^^^ : A collection of 2U ar&l'fes reprinted\from The ^Mathematics / ; . 

' ^ Teacher . The Amek-ican Ma thematloal Monthly and other ioufceB. ^ 

-.- v.; y ^' All deal' wi^h applicati^nB of-MLthematics in the real wprld. • 

:^Charq sh*, . Mannl ( eiitOr ) Mathem ^cal Ohallenges . t^feReston v Va . ;^ ; ^ ^ 
^ ■ : 1 : ;}iatl6nai poUnclT ^of Teachers ;^:Mathematicsv^ 1965^; - r ' ^ J'r ; \ . 

; J^S?^^MEftotated ''collectio Ikfi^ protilems from the Mathematics v 
Student Journal / Provides a Yarie-^ of ctollenges M usually 
_ ../found^'lA textbooks* ■ . v ^^^^ r^,^;^ ' . .'v^;.- 

^T)iidan-^vV Henry E. - ■ Amugements in Mathe^ics . Jew Yorks Dover / 
^ ' Publications, 195^;' 19pw. \^ ^ / " " ^.^^^^ ^ " . 

; - A collection of" problems ' and- puzzles bas^d^qp algebi^^v ai^thmetiCt 
^ ^.^^eometry, logicV/coirtDinatotftcs^, and probability. ; 'ineludLei :jRmhy^;^^ 
- ^■'wriimeical-prpblems* ^- ; . . . ' ... = = - . I '^^^U 



..p^udeney, Henry ;E. ' SSe^Puzgles . & CtpJjoui Problems / ANev Yorkv Charles 




'^'^ ' 36 pii^zlesvjaiid problems arranged /by ^ari%hmejbic , .algebra geometry , , 
coffibinatprics, ■and tovoXd^ .ihid,- further cla^ 'types. 
Settinss^are^higMy' toti^^ and ii^|fc p^pblems. are with ij^;. the 

ability of secoh4ary students*' , ' , ^ -v,. 7 ' ' ; 

^gei; Arthur. .^^Geometricai' ActivitlM for the Upper memerrtary.^^^ ^ ..^ * 
' ■ School /" ^ -Edi^^ Studies in Mathematics , 3(19'71)5' '353-39^/^ 

vi*;:-sai'ebti6^ activities for grades 5-7 iriVQlvln& 

/:liss . familia^^;^d , ^ ;" ' . ~ . " ' 



^ 5-;7'=" 



' y:.^^V . 'V^a^ "Teaching ^Prbbatliltyl In Intermediate drades , *^ : ^ntar- ' v 

S^'^v^v^ / ■ ■ riatiorial^^ JoTorftal of -Mathematics Muqa^tion lii Science and TeahnolOCT^^ Tt'. = ' 

^ . ConcernfedV'^ith developing the i pro'bability,: 

/- Many exa^mples' of problems, : / . .. ' " . a:^^^ ^ . . -: ^ ^ / \''r 

7 Frohl.lchstein.i ' Jack/ . Mathematical -Fim, -Games. ^?;':ahd f todies. . / New YorkV^' ' 
; .=. , / . \ Dover Publi cat ions'*: : . ^-j^- . • ; ^\:.;^/' ; 

f;;7 ' ^ - ' ;Actiyitl^sy: puz2^ 'aeeordiiig-V ' ' - - v:'^ 

■ .to content ' hea&ingsJvtl^^i^a^^ high arid^erieral 'inathe- — " ; ^ 

; / ; - matids texts perMttarift^tev^^r. quick access to problem solving* ' ^/-^ 
. i^'^terials thait reinfoi*c#",^^^ topiaS under study*.. - ■ X. 

. ■ . .Gardner^ Martin. Mathematical Magic ghoW g ■ New York, ■ Alfrtd .Ai, ■ iGiQp.f 5^ 

'\' : * The latest in. a long line of books based on the author's .mathemat-- 
\ leal gajne,S: colum in Scientific American, Contains puzBlesy . . : 
games, tracks 5 and oth^r mathemp,tical^ HlxeWif^^;^!^^'^ author has^ 
. ; ■ an uncanny ability to ' popularize recent V^j^^ matheT- 

' matical di^Qveyies, as veil .as; illuWnatOTg^^ 



■ ^ . . ' .^'^fi-reitzer's Samuel L* (editor), ' International Mathematicaj ffl!:y3|^f^s^^ ^ 

[ . ■ ':19S9-197'^-:" New Mathema-^al Library 5 Volume. 27^ "teshln^on^/'^^^ " "i^'-yj^ . 
^/.; .; . : . :^te,thema;ti:fioa:l Associati|)^ of-- America /T.979-- -- .. 

' ■ ' Problems and theii^ tloSiQitions f years, .of this=^^ \ 

; ^v^;^=-^ ;:;^li1jer national ''coh^^ . ■ t/^^ • - '/ ' 

* . .*Hill/ Thomas* (editor Mathematical Challenges II"; - Plus .Six * .^Res^on,' - 

■ Va/ National Coi^:cil of TeacheM of Mathemat'ic§* 19'7^^' ' ' 

Andther 100 problems .from .the Mathematics .Studen t Joiirnal^^plus 
^ six eritertaining articles^ thrfee by ' high^schooi. studentf *. . . . 



"^jtlA^aty, Julius H. (editor ■- Mrichmtfnt- Mathematica for th^W.^sfcidle^ 
■ ; ;■. .27th Yep^rbpokj^ RestonV-^a. =Na?tid^^lf Council, oj^^^eac 
" \ - Mathematics';.: iges*. . ' - ^ ' - . . ^ 

Two do^eA enrichment topic's -fo^p>'-use. ' with academically; talented 
^ students in elementary and J i^ior high ^schools school;' 
.^. students .pan alsp profit '^frqm some of them, " 'Many challenging; 
' problems in^^eS'C chapter i . - . ■ ^.^ . ' 

^^Hle^v^ty^^ JuliruS'-H* ' (edltbVfa-r-Bnfrx^hment; M athemttes for the High - • 
^ Schooarl tfiSth. Yea^dokv /.RestoKJ^Sv^^ 
Teachers of Mathematlcs-p 1963* 

Tv^enty-seven enrichment topics fot academically talented stuaents: 
; ' ' ' in= ^ades^^lO^lU . • Each chapter provides a wealth ;of ^ 4^i^i®^Sing 

problems;-' , % " % 

Mr-^-^ ^ * . — ■ ^ • = • - ■ ■■ -r'r^h ■ ^ ^ ■ ■ ...... 
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*Honsbergeri Ross, Ingenuity in Mathematics . # New Mathematical Library, 
Volume 23* Washington,. MatheinatiGal Association of Amerida* 1970. 

Nineteen essays on eni^iphment topics in nLLniber theory, geometry, 
combinatorics 5 logics and probability. Standard high school 
algebra and geometry courses furnish a sufficient basis for under- 
standing each essay* ^ . * 

Hurley, James F* Litton *s_Problematical Recreations . New York* Van 
Nostrand Reinhold Co. 1971. 

Nearly 600 problems that first appeared in "Problematical 
Recreations," a series of mathematical^ puzzlers in trade publica- 
tions', sponsored by Litton Irfdus-tries . Includes logic, probability , 
algebra, geometry, Diophanfrine equations* number theory and calculus 

Ja^cobSj Harold R= HktheimtiaBj. A .Human Eiideavor . San Francisco". W. H, 
Freeman & Company, 1970. 

This is a general mathematics book that contains many goud 
problematic activities. 

^Kastner, Bernice* Appllcat lonsof Secondary School Mathematics . 
Reston, Va. National Council of Teachers. 1978. 

A dozen applications suitable for Becondary school mathematics 
classes. Mathematical topics range from arithmetic to calculus , 
as they are used in physics, chemistry, biology ^ economics, and 
music . 

* Kennedy, Joe and Thomas , Diane, A Tj.ngle of Mathematical Yarns ; 1979^ 
Kennedy-Thomas, P.O, Box 132, Oxford^ Ohio ^5056. 

Fifty exciting^ imaginative, humoroua story probleme daaigned tu " 
encourage students to read. Math level is so low that irilddle 
school and high school students shouldn't be intimidated. Good 
tor extra credit, class activity ^ small group work or whatever. 

Kordemsky, Boris A. The Moscow Puziles . New York, Charles tnjribner'ts 
Sons. 1972. ^ 

j59 matheinatical reui^t^at iuris ranging. Vi\jm i'txinii^.L- whiiusiuai 
puzzles to dcligbtrully tiiffer^nt prublem^^. Most of these lu^iiiittf 
matical chal lengea are presented jn iritri^u^ing ^Ujvy Vuruvd. 

K ra i t c h i k 5 Ma ur ice, Mathemat leal H^creai luria . New fork . U., v e t 
Pu b 1 i c a t i Q n s , 1 9 5 3 - 

dt?0 problems ranging fro in anuitinL Ui scK and huiaan ^wui'^.ws I'i^jia. 
up to the present century.' All can btf done purely for amusemeiiL, 
b ut a goo d d eal o f im. t h e n: 1 1 i c s c an be I ea r r i f=: d 1 ro m their 1 u t i o n . 
?5 positiunal and parmutnLionai f^:ames are alSi^ discussed. 



Loyd, S^m. Mathematical Puzzles of Sam Loyd . New York, Dover 
Publlcationi , 1959. 

A collection of 11? "whimsical problems/' first posed by America's 
greatest puziilist near the turn of the centm^y. Solutions involve 
arithmetics algebra, probability, game theory, geometry , ^topology 
combinatorics and operations research. 

Mathematics ftesource Project. Mathematics in Scie nce and Society, 
Palo, Alto, California, Creative Publications, 1977^ 

'Teacher conmientary and classroom nmterials for teaching the appLica- 
tion of mathematics to astronorry, biology environment , music, ^ 
physics and sports. Student activity page's are ready for duplica- 
' ' ting. Can supplement an^ textbook. Emphasis on Junior high math 
topics . 

Mott'Smith, Geoffrey. Mathematical Puzzles for Beginners & Enthusiasts, . 
New York. Dover Publicatloas . 19^6s 195^^ 

A collection of puzzles and problems ranging from easy to moderately 
difficult. Most of these problems can be solved with arithmetic, 
simple algebra, or elementary geometry. 

Polya, George. Mathematical Methods in Science , New Mathematical 
Library, Vol, 26, Washington. Mathematical Association of 
Ajnerica, 1963> « 
Lectures on simple physical problems, elementary calculus, and t!ie 
relation between science and niathamatlcs . Written from an 
historical perspective- 

^ Problem Solving . Philadelphia, The Franklin Pre^s. t , 

A monthly newsletLai' devoted to prublem^bulvin^, researcii and 
instruction. Nut ail ma.themat Ics ■ mostiy collt^ge-leval prdUi^m^. 

HapaporL, Elvira ( trarib laLur ) . Huii^arlan Frubigm bu^k 1, ii. New 
MathemaLiua] Library, il, ^ Washington, Mathematical 

Associatiori uf Ainerica, bioj, 

FrubienLH an 1 ut luiia bathed ..u Liit EAC^jO^ .^..h^.^; L 1 L 1 ...i^^^ nci,®ii, 

Hungai^y from 169U-I928. The^e cunt.iSt^ ar^ famouB for i ^ 
simplicity ui cunwcplb wu.ployei, the maLhematical Jepti, re^cli^a 
and the di vers^ i ty of el ementary mathernat ical fields tou^jhe^^-^ 

'.an^rauL yuLLi^^ inuiudinf' seven-, I'.Muie^i. , an-i i 1 I ^i* ■ pi t.^^ 
.diaiieuKes. Th^ urgani^ai.ion and historical rerureuceb iiiaAe tl.i^ 
an entertaining j.^ well <h chal Lepfiirif^ buuk . 



S^alkind, Charles T. (eaitor). The Contest Problem ^ok , I, II, Hi. 

New' Mathematical Library, Volumes it, 25.^ Washin^onr ' \ . 
Mathemtical. Association of America, igfil^ 1966, 1973- 

Problems and solutji^bnB-^-^-ftW the annu school contests of 

the MAA sin%e 1950: 

Schuh, Fred. .The Master Book of Mathematical Recreations / New York. 
Dover ^ Publfeatlons^ 1968. ^ . ^ 

Pres,ents the mathematics behind various puzzles, gamfes , card, tricks 
and other amusing problems, anphasis on problem-solving strategies 
with s.tep-by^step analysis and Alternate solutions given. 

Sentlowitzi^ Michael and Thelen, James. M, Baseball : A Game of 

Numbers . mWo Park, California. Addison Wesley, 1977^ - ^ / 

A collect ion\of "algorithiTiic exercises with a pu^pOi^J' base^on 
actual major league statistics. Readers will learn ^ctr-^teout 
baseball as they getvvaluable practice in using ratio, percent, 
averages , and graphs . _ 

i^Sharron, Sidney (editor). Applications In School Mathemat lua . 19Y9 

Yearbook. Reston, Va. National Council of Teachers of r 
Mathematics, 1979^ 

A • collection of mathematical models and applications in the areas 
of art, biology, ecoio©^, everyday life, finance, music and 
zoology, A comprehensive, annotated bibliography is included. 

Smith, SeatQn E. , Jr., and Backraan, Carl A. (editors),' Games and 

Puizles for Elementary and Middle School Mathematics . Reston, Va, 
teionalTCoLmcil of Teachers of Mathematics ,1975 ^ ■ 

A colleutiun of readings from The Arithmetic T eachsr biuce 19^^^ 
lualudes differ^t topics in mathematics.^ 

#Sobel , Max A., and Maletsky, E. M, Teaching Math ematics: A ^uuic ^buwk 
of Aids, Activities- and tarat^Kies - Englewood Cliffy, N.J. 
Prentice-Hall, mS^ " - 

A suiirce fuf; pi^obiemE^ ai>a Qwiutiuiijp ..i" proLicjuu Wi i l L .^ii i^i 
teachei^ but has suurees i\.^r ^tudent^^. 

^Li^i^kin, Zalniaii. Al Ke bra Thru u^^h ApplicaLiun^ . nu^i..n, , u^ii.,u^i 
Council uf Teachers of Mathematics, 19^79^ 

A product ..!^ the Firbt Ytur Algebra via Appi^caL iwu^ b,^ v i wi^u,,,*, l 
Pruject, this ^^dent te.st uses real-wurld problems to motivate 
the mathematics^ Includes soma probability and statistics, 

ViieaXiu, N . Y\ Cuinbl na to ri U s . ■rranaltited by A. Ljheiiitz.er and U 
jh..hiLzt.i New Yorky A.-^Jerfiic Prt^s.3 , l'^71- 

An introductiun tu cuiabiJiator ic^ coutfciinif.e ^^^^^ ^.r^.tjuu.^ 

with solutions. 
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Wirlie,^, C.^R.., Jr. .101 Fuzgles. in Thought & Logic . .Mew York ./^ Dover 
Publications, l"957* , ' " y . 

" A GOilection of who-dunits, who-hpld=what position * and cryptarithms 
that require logic and dedUctio|i to unravel* The introduotion pro-, 
vides an interesting discuBsion of methods to approaeh such problems, 

Xp-gloms A.M. and Yaglom, I. M. Challenging Mathema tical Problems with 
^ ,^tementary SolutionB . 2 voiumes. Translated by J. McCawley, Jr = 
San Prahciaeo. Holden-Day, Inc., 196U. 

Well-known Russian problem book designed for mathematics students 
in upper hig^ school grades and early years of college. Problems 
'from the School Mathematics Circle at Moscow State University and 
from the Moscow Mathematical Olyr^iads . 

RECMT ARRIVALS AMD N'EW DISCO VERrES w 

Biggs, Edith E. and MacLeah, James H, Freedom to Lea rn: An Active 
Learning Approach to Mathematics . Don Mills, Ont., Acidison- ^ 
Wesley (Canada)' Ltd. , 1969. 

An excellent soarce of problem-solving activities ror children 
in middle and Junior high schools. Includes many helpful 
suggestions for the teacher who wants to adopt an activities- 
based approach to teaching mathematics, 

*HLu^nB, Marilyn and Weston, Martha. The BwuR ul ThinK , Bu^tuu. 
Little Brown and Company 1976. 

Subtitled ''How to solve a problem twice your 'Bige," the book 
* emphasizes probletfi sol^ving strategies^ Not ^11 e^^mpl^s,, are 
mathemati cai . '^^ 



r'tie^en, CntLi^iciQ '"i^i-wbieni yuivlii^, MeeLlii^ Llic Nse:dD ui 

Mj.thematicai ly ui fted Students." bch , Sci Ma u h . 6u {v^l. i\jQu}, 
1?7-U0, 

iiiatic^ peri. -di ua-l s has pi'cjv..-d tu tiucce^^s f tii in meeting ^umc of 
Ch_esrr L>tude£iLs* riecrds, Heven sptjcific benefitt^s aie diSCU^sSed. 

aiid Spu_n^:in. Hika. Tec iiniqu^s Prub l em So 1 v i . Paiu nitu, 
6....ymour Publ IcationB , 1980. 

A CQinpr ehens 1 \/e piw^i^u r .i. the d^; v s 1 upiU^ii L £ ^.LK.A.i^u> ..■■i^.in^, 
dkilia and Litrategic-s iri tides K-12, luuiude^ pi"ubiem c^ird 
decks, dev^iupment workbuoks , dupiicaiing masters, and Qctiyit^^ 
kits. DfeSiKued tu cumplermenL exiytiug matheiiiatics pruf^rama . 
Pr^jbiciii det;kB aie .irganl^.ed fci..curdiitg lu ^rade ievcl, 

** nai-4.£iUc5k , AiU tea . M^thgiuul i i h^aduii 1 n^^ . 'i'L\.jy , Ml.Ji, Ml.iwt_. ^.t 
Publications , 1969 * 

MHterials for hiKh Hchoo! students chi critical LhiiiKinfc/ - u^aii 
in Mathematics 'and other f'ormn persuasive argmnent , 
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*Joint Committee of the Mathematical AssociatiQn of Aineriea and the 
National Council of Teachers of Math&raatlcs. A Soui-cebopk of 
Applications of School Mathematics . Reston, Va, National Council ' 
of Teachers of Mathematics, 198O, 

^ A collection of nearly 500 problems with solutions requiring the 
application of arithmetic, algebra, geometry, trigonometry , or 
^ _ probability in real^world situations. The annotated bibliography 
and comprehensive indeK make it easy, to supplement thf, textbook 
with genuine, real^world applications. This btDok belongs in 
eve.ry school library and on every mathematicis teacher's pro^ 
fessional bookshelf! , ^ * 

*'Kes^ha, Ruth^C. Geometry Problems My Studen ts Have Written. Reston, Va 
National Council of Teachers of Mathematics ^ 1979/ 

Three dozen problems, cleverly written and solved by tenth grude 
geometry students. 

/ 

KiUm, lierald and Bussmann, Hana , A phase-ability model of mathematicL. 
problem sulvingJ- J,R,M,E. 11^1980), lY9-=l8y. 

Presents a model involvin^^ eight probIem=HOl ving phases and the 
abilities required of atudeuts at each phase. The rnodaJ ha^ yet 
^ to be verified empirically. 

^Polya, George and Kilpatrick, ..Jererriy. The Btanlurd Mathematics Probl em 
BuQk . New fork. Teachers College Press, I97k " 

The complete set> of problems from the Stanrord Unlvergity 
Competitive examinaL iuiid in Mathcuiat i c a , held aruuial ly fr.^iu I'-^Ub 
to 1975. Hinta and aolutiunb urt? given. 

Rubinstein, Moshe F. •and^ Pfeifrar, Kenneth Concepts in PruMem 

SglTiaM ^ En^lav/oo4 Cliffs, Prentiue-HaTl 1980: ^~ 

Prebe£i4^ ei i'ramewurk uf cuiigepis babiu ly Lrtiiniiig^ in yi^^bl^in 
solving. Main t0|)ica include thought proue-saes, langua^^e,? 
modeia, lUiCtsrL^inty , aecisiun making, aiid wuiiTli^t. 

.dilc;ida, Jud^ph J. "Mini^calcuic^Lui^d fetnd piv.jLi"utn 1 v 1 1 jfi, . " luA.i . I. 
Math, do (Maruh 1980), 211-^4 7. 



::iuggsdt iwn^ L\jl- cAplultiiif' Lhe uuLiUai ujjiiu i wat i On Oi . 
pr'oblero ^..iving experience feiud the han.idield c^lcuit^l- r 



/ 



D.Ol 



r 



' POSING mti REUSING PROBU^MS* 



Introduction 



* For me, and I suspect. the sajne is true for many other people^ the 
real Joy in studying mathCTatics is the feeling of exhilaration qne 
gets after solv°ing a problan the tougher the problem^ the greater 
the satisfaction. But what factor(s) initially motivate someone to 
wixit to solve a problem? Possible answers to this question can range 
from the fear of the consequences if the sQlution to the problem is 
not handed in toinorrow to a personal curiosity^ but a prjjne consideration 
has to be the. manner in which the problem is posed. Exajnine the 
following problems: 

I 

Problem 1 Let d(n) denote the niTOber of positive divisors 
of the integer ru Proves th^t d(n) ia odd if ^nd uxily If 
n is a square^ 

Pro> l^ 2 ^^Ich positive integers have an odd number of 
factors? (Justify your answer.) 

Prc^blem 5 Imagine u iockei^c^^ ai l ul^^ud^ aiid n mtn . Jm^> 

y- iSB the fix' tit man gOfc^ al^jn^ ^nd Optjuii eVtiy Iw^^.K^ji, l'li..,ii tlld 
^ccaiid niaii gOeJ eti^jng aud Ciu^c:^ t^Vei^ ./tliet^ Iwukc;!^ begliui iu^^ 
with 4-' ih^ third m^ii Ltu:u ^il-ai^ aiid - iitiu^t-^^j Lhts jI. ^It. 

it ^\/^vy Lhird lauKcJi' bw^,i mil n^, with (i.e. it It'^ optui^ h.. 

g| y^Cd il j V 1 e - V i^a ) i if LhltJ p l.j tJ cd u i 1^ c wii L 1 1 lutjd 

UJitii £iil II meti liAvc pa^Jc^a Ly ii i the ioakei^^, whluii lOuh^id 

J 



This paper is adapt, ed from an fii'tiwic wui^di u^^^jucirfed lu Liie £ e %i; 
on Problem Solving, NCTM, l98u. 

middle sAool, choose a specific v^ua for n, .ay u ^ 100 or n^lOOO. 
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^ These three problems are in fact, different formulations 
of the same problem*. The first vefslon posed is typical of a dj^ . 
mathematical style. Leas ponderous, the second is given as a question 
to answer rather than a.s a statement to p^ove. The third conveys 
this mathematical question in, a very picturesque manner. I yMild argue 
that the phrasing of the third- version (and, to a lesser extent, the 
second), wjuia-^ovlde- a (significant) source of motivation for the 
potential solver to tackle the problem. This paper, then, will 
consist of aeveral suggestions on ways to pose "repose" a problem 
to maximize this , source of motivation. 



■2, yfha t is a Problem? 

lefore offering any auggestions un the posing of a problem, let 
us first clarify what we mean by a (mathematical) problBm. The word 
problem Is deriv^ from the Greek problema which literally translated • 
means "something thrown forward." More mundarTe is Webster's definl- 
tion: "a question raised for inquiry, coiisideratiQn, ur solutluu... 
a source of perplexity," A problem, ' then, la a perplexing queaHuu or 
situation. It Is not simply a question = it must be perplexing. For 
example the question "VTiat ia the aria ut rectangle of length 6 cm 
and width 3 cm?" Is not a problem, but _ an exercise ^ probably^for anyone 
reading tMs paper. An exorcise la given (uaiially) te prcrvlde practiae 
in using algorithms. To solve a problem requires insight. 

A questldn or slLuatlon uaa be Judged yerplcxing, and hcuwe be 



*To see the equivalence of Problems mui 'i, examine a particular 
lacker #12 for example. Locker. #12 is touched by men #1, ^, .3, . 
1 e 'the factors of 12. Since a locker Is alternately opened and closed, 
Lookers whose numbers possess an odd number of factors will be open 
in the end. 
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a problem^ only In relation to a peraon and a tjjae . The determination 
of the M*aa of a reetangle given its length miA 'vri.dth coiild be a 
problem for a yoimg ^ild. 



Finally any problem must be aoaepted by the itudant as a problem 
he or^ she must be intereited in the solution, 

!Po summarize, the three basie charaoterlstlGa of a problem are: 

(1) It is a perpleadng question or aitimtlon* 

(2) It is accapted by "ttie student. 

(3) At the time it is posed, there is soma c^^lei^e to the 
student so the solution is not immediate. 

s 



3, Smie Suggestions on Posing ft*ob3jmj 

Before we offer a nmber of s^gestlons QonGerning effective 
ways to pose various typss of problems, if^e give one suggestion con- 
ceding exercises, Ihe ability to discern a pattern ftom a serlea 
of examplee is essential quality of a good problem solirer, so 

Pose a sequence of algorithmic exerclaas which are examples of 
a general pattern i * 

Example 1 CliOQaa two wiiole niiuibergj. Find ^hair H\mi and 
non--negative ^fferanae* Add theaa results, hii^ 
ob serrations ? 

Example 2 Compute (^) jTg ^ 2^3 1^2 ' 2^3 ' f^k * ' 

g ^ p 

Bxample 3 COTpute (a) 2^ (b) j^"" (c) k^r 
Do you see a pattern? 
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, Sample h Bind the areas of the following figures- 




6 k 

Do .these flgurea have anything In OQranon? Anjr observations? 

Completi]^> magic squares a^ magic trlMgles Is another 
example illustrating this siaggestlon. 

Now the reversal of an exercise Is often a problem. Asking questions 
'^acjOTi^ds" creates j^ohlems 'vfelch i^elnforce the knowledge of baiiic eilgorltluis , 

^ Pose the reversal, of a fMlliar question; ask the que^tlou 
the "opposite wa^". 

Some classical eKamples of standard questions In algebra wlio^e 
reversals are also standard include : 

(a) Multiply polynomlais Factoi- poi^nomial^. 

(b) Given a polynomial^ find It^ roots Glveii a set wi" i^uuL©^ 
■ find Of polynomial with those roots , 

l^ota that the reversal of a problem often hti,^ mi^^ ths^n una 
solutlbn* Some less familiar examples of reverari problems arei 

Exmple g Ilnd three arithmatlcal problems whose solution 
is 13. (you can put as mar^ bouridaiy conditions as you cai^ 
on such a problemi e.g., you must at least > nuiiibsra 
and at least one + , K , and ^ sign). 




Example 6 Find three solida ^ose surface area is 60. 

' Bcample 7 . Write ' a) ^5 V)525 as the aum of GdhseGutive . 
integers in as mary ways as possible, (You should clarlfir 
Aether negatlTO integers ar^e aUoTOd, ) 

Example 8 l^yptarithms A oiyptarithm is an excellent 
vehicle for testing miderstanding of nmerical algorithms. 



Hiree of j^^favofites are: 



(a) ) mim,B 
+GEMLD 
ROMET 



D 5 5* Other letters stand 
*fpr a unique digit. 



(b)' HOCUS Iq) mo 

+P0OnS KMC 




Another way to turn a question concerning a basic conoept into 
a problem isi ^ ^ ^ - 

ite- pose a ''Give ai^ Exam|jle of" problem - 

Example 9 Glve^ if possible^ an exmple of i 

(a) a proper fraction greater than 3/^, 

(b) a pQlynomlal of degree 5 ^th four tams* 
{q) a triangle brie of whose altitudes coincides 

with one of its medians. 

(d) the equation of circle wtilah 1^ tttu^ent t 
both coordlna^ a»^eS. 

(e) a rectangle Wlio^e area lb aiAit^ri caJi^ aquaJ 
• . to ltd ^^rlui^t^r. 

Till a t^pe of yrubleuHla ufteu effective Uacaude ^^r it^ iioti- 
dpeulfic ttjiawerb. It is som^tim'sa a remedy Lor "niamwrisatlua wIliimuI 
understanding. " 

^ Pose a problem ^ith raaLllstiu a^L^, 



Eimc^lt 10 A roll of waU-paper ii 20 1/2 inches wide and 

feet long* Hot^ m^y roUa of t^lpaper would you need to ■ 
paper a room whiGh Is 9'6" wlde^ 12 « 3 '' long and 8«fi'^ hi^; 
has woodwork which is ^4-'' high| hai % door \rtiich is 7'1'' 
hi^ and 3*if"' wldte| and has two windows ^ich are J '2" high 
and 1'3" wide? (Notei x'y" means x feet aiid y inches) 

An example requiring algebra 1b \ 

' Example 11^ ifcratCL seawmtir is/ahput 3. solids with ne^ly 
300 pounds of dissolved material per thousajid gatlons. 'Diis 
is about 33^000 parts per million^ by weight (witten ppm), 
^ Such water is highljr toxiq to drinfc beoause it contains - 

barium Md boron in addition to more coMon substajices such as 
calciim^^ potassiuiii^. sodium^ magn^siijunj and so on* Sea^vrnter 
reduced to 5OOO ppm of salts is stiU uj&ealthy. While people 
can learn to tolerate up to 3OOO ppm of salts^ these solids 
should not exceed 5OO to IDQO ppm for good drinking water; 
Water for irrigation is'Ki^ited to I5OO ppm of dissolved 
solids. How many gallons of seawater (33|OOd ppm) should 
be mixed with drilling water (5OO ppm) to obtain lOaO 
gallons of irrigation water (I5OO ppm)? 

Pose a problem in which the linKnown quitntity should reasouably 
ba expected to be ^itooTO in reality* 

Example 12 You are in ^charge of b^ing food for the clasa 
picnic at >ftiich you^ara having hajn sandwiches. Each 
sandwich wiU have 3 ounces of hem and you ea^ct to im^d 
250 sandwidies. Boneless h&m Gost^ $1*89 per paund and 
semi -boneless (which is 2C^ "waste'') costs $1*53 psr poiuAa, 
Which type of ham shoiild you buy? How much of it? 

Another example requiring algebra is- 



"Direct Quote Word ^ t^obleihg A. PiiiKer, Applications lu bciiwMl 
Mathematics , l[r{9 Yearbook, p. 3^^-3^- 
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A tra^ frfr i^tinning foot' races is in thfe , 

ehape of a reeta^^e whose length Is I.5 tljies 
its width - with a iemi-dircle on each end. Each 
ii td'^te 1 Mter wide, Vfliat ia the length 
' ^;and width of a r^cta^le if the inside track %b to be I5OO 
meter i long? For a I5OO meter race, the inside rminer.TOuld 
start at the finlih line, Wiere should the rimners in the 
other 5 lanes start? 

f, , ^ " 

Posei .a problem in which the untoowti quantity is^ one sOTsone 

ml^t plai^lbly have a reason to seek. 

Exaymple Ik If an^ 8-inch pizza serves two^ how maiiy should 
two 12-inch pizzas serve? 

And one needing aigebrai 

Example ig Suppose you wish to ^uy a new car and you feel 
you csyi aJford at most $100 per month. If used car loans 
are . made for a maximum of 36 months at 15^ interest ^ what 
price car should you consider? 

Pose a problem containing insufficient br extraneoua d^ta. 

Thm ability to^ discern the data necessaiy to solve a problem is 
certainly crucial in "real world" problem solviiig. Consequently posing 
problems demanding a critical pjialysis of the data is to be commanded. 

Sample 16 Two sides of a triangle hav% iei^ths h cm mid 
□ cm. Find the periia^t^r said ai'ea ui the ti^laji^ie, 

vVhiXi^ the detta ax^ ulda^^Jl^ lii^iiil'riDieiit Lu determlu^ a lAiii-jiie 
^uiiitlon^ one ahui^il ^^ek a ^ulutioii or tUc rui^= "ai-iy i^t^l nxmb^r^ 
p. A satisfying 12 < P < 2u . 0 . A ^ 12 " rather than ^a^aptlng 
"no solution". Krablems posse s^iii^ mora tlmu uue ^wiutlwn a^x'^ ytr- 
feutiy reasonable probleiii^- 

T\\B remaining suggestluns apply maliil^ to aii upari anarch pi'u^l^iu^ 
that is^ a problem wtiich requires LhG-sulvGjL aearuh for a patter^. 
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to Seieat a 'fcethbd^ or to discover a relatlOMhip T^ich is not obvious 
from the statement of the prohlem. In most of €he previous exafliple's^ 
the phrasing of the problem s^geited aji ^gorithm to app^j an 
equation to solve^ etc* No such hints oacw in the sta.tement of an 
open Search .problem*.. RfoblTO 3 An the Introdtietion is an example of 
such a problem. . , ^ • ' 

Espaojally for opsn sear^i problems , but for others as wellj the 
basie tenet eoncernii^ their posing is ^ ^ . 

Fundamental AM-Om of Problem Poglrig 

Pose the problem in a manner which requires the solver first to 
f guess the solution* 

nio\^h this axiom cannot '^TOys be foUoTOd^ all tod" orten a good 
problem, is spoiled by including the answer in the atatment of the 
problei|. Ihe example in the first section furnishes a nice iUuEtration 
others are t 

Example I7 ' - ^ ^ . ' ■ --^ 

Form A For aiQr positive Integer n ^ ^^3^;^ a square can 

be partitioned into n Mailer dqUM^^s. 

Fora B For whidi positive integers n can you pax^tltiQn 
m square into n smaller squares? 

ExajaLple id 

Form A Rt^ove ttiat (n-l)* ^ u aiud k X£ aiiU oiu^ iX' 
Is a cgmpoait^ > k . 

JForm B For v/hlali positive iuLa^^Ae? u is i* a ia^iwi ,jl 
the product u -I ) i^n-^ ) . . . 3 ? {t\.jT t^xaiuple, > ie uu t ^ 
faator at' k*3'd*1^2k^ but o A ^ a factur u£ 5 -3 'J-i^^^O 

t'uriii A 1^ t^pluaJ. Oi" UOiie^s ul^lbel' tUcjory te^te?^ v/hlie ill Foi'iu 

b tnia problem couid be pusad imjn = diatal^ following the lirtruduution 
of the concepts "factor" and "prime (in fact^ it is aluiost aci al-- * 
tarnate chai^acteri^ation uf "prlni-") in middle SGhuol. Funn b also 
illustra,taa the ^ fact that br^vrlty nut neueSjaa^il^ a vlrtufi in pusirig 
a probleiru .including illustrative examples, for instance^ Simply enlarga 
th^ set of potential solvers. 

As a rough riJle of thmb^ any problem whose statement^'lnciudee 



the words "prove that)', "show that", etc., ^ will not etrcdarage glassing 
^tod often can he reptoased to do so. ^e use ©f ^the phraee ^^find aU" - 

Is itill a^othey way to pose an open search prohlem^ ^ich ■Tre quires 
.guessli^' ajid/br* sea^diing fOB^tterns. 

Example 19 Find ^1 primes p for \^ich the integer _5p + 1 
- is a square, .s. 

Even standaj'd theorems eaji be posed as guestlons^ ,, 

^^pJ-e SO For wbiah poaltlvB integers n does the fraction 
havm a finite decljwl eii^wyion? 
And a geOTetrt q axample • 
^ Sample gl to wfai^ qim^rllaterals do the dlagonaia bisect . 
each other? - . 



Sudi a problem- bould profitably be used to begin a uriit on 
decimals on quadrilaterals,' ^ ^ 

^ Pose a problem havihg oi^y one solution as gLti open question. 
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V^at value a az^ poesible ffer the 
are of quadillateral EmL if AbCH 
and EPGH are squa^ee^of side 12 and 
E is the center of square ABCDV 



t"w^^ a problem hSiViti^ no ^itl^-'ii ay. q^u^^^^tlyii , 

ExaLLuple Wliluh liit^gera lu then'set il'j ( ^ ^'f ^ . . . j ^^al, 

be writteii ckS the amn ut twu primes V 

H i 1 too oX't^ii tjLuiieutti Ac^ai'U teXLL*.^t^K ^iwl-Jt^iii^ at! uJ^Lirlt. l^i 

3 

.iwj ^/iie r^meti^ ult»-.d aailieA w^t^ to maJL^ tht^ protXem as r^aJibtlc 



^ Po3e a wti^inslcaJ prwi,.i^iii. 

Au the ininu of the ^otaiitiai duivv^r. 'i'h.i Lockar ir'tubiam of tii 

fli-at £ieutiuii la wne exadiiple^ (,uaii*L you j'^^ 

dm^n a row of iU^uUO locH^rs^ opening every otht^r ons?). 

V Another' ex^ple is: g, 




Ssttmple 2^ ' Two rldera on "bl^clei/ ; 200 mHea apart/ begin 
. traveling towwd aach other at the same time. The first . ; ' 
cydlat tFavBls at 10 mph and the aecond 15 mph," , A fl^.' 
begins flying hrt'waen the hicyclea at , the same, time ^ starting\ 
from the f^ont t^ael of the slowar "bicycle* If the fl^ . ' ^ 
travelB at 20 mph flying hack and forth "bet-ween the "bl- 
• eyoles^ "being able to reverse directions without losing any 
' time ^ how far wUl the fly travel before the bicycles mee]^^^ 

A ^tmsical problem can appial to a student beeause he doe e not 
ragaard it -as phony and it may-plqna hlB -lnteHectnal emrloslty- . 

• ; ■ Reposing Eroblems . » 

In this seetlon TO apply iome of the suggest ions of this paper c 
to the "repoaing" of problems* / . . 

Our fHindamental eccim. diserv"es reemphaslElr^. . . - 

• Pose the problan as a guestlon lf at aj^l possible. ; 

■ r ^ - ' / Example 2^ / : ^ . : . 

. . . Form A If my 'Item is on srie for 2d^ off^ i^st sales ■ : 

r people mil first deduct 20^ of the price and then add the 

applicable sales tax (aasr^i^^)* Show that If the salesperson^ 
first added thm h% sales tax and then deducted 20^ /of the 
tptal^ the price to the -consider would be the sama^ 
Foim B " (same assumptions as Fom A about the sales price) 
Whldi method would you prefer if you were 'the a) consumer, . 
b) merchant^ c) tax ^collector? TOiy? ; . . ; 

• Given ^ly slcini or concept^ it is usually possible to pose a set 
of non-routine problems of varylr^ tj^e and difficulty involving that 
skill or concept* ' " ■ . . ^ 

An algebraic example is: . \ . - . ^'-^ 

Example ^ 26 ThB. straight line* 

Jifpical problems involve finding the equation of a line 
. given points on the line^ graphing a line given its 
^ equation^ determining the equation of a line given, its \ 

graphs etc. Several non-routine problems are: . — - 



( 
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^ .R'Q'blm A Slvi ,the equa*ibris of lines cb^aining ttie ^ = 

^'pblffb/ti^a), ■ ; • , \; - 

OmimAgb I iton^Bpeelttc Misim help - 

those students iho Me merely la^orlzing the vMious 
^^iTO3las. Btuaintsi^o chooie « = 1^l y^2;, y = 2K jri^rb - ^ - \ / 
he regwded as "devai'"^ they a^e Insl^tfifl, prphlem ;ioXTOr^ 

^ohlCTi B (Algorlt^niG) Mce appoint P other than (1,1 J. :^^ . • 
: ' \ ^ / the parahola y =^ 3^ j.Q<x^ 2 = 

. :aM eoE^ute ttie sl<^t. of ^© 

/ line cOTtaining P and (l^l)v \Do 
the same for six! other points 
/ ^ - on tto Qurve, ^fti^ 4o -ypu 




' Comiant ; 



think the slope of iftie line 
" - ■ . • tangent to y = k at 

Mgorlthmta prphlemi irtth a purpose # 
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;/ K'obl^ C Sear^) Find all poasihle values -EbT, the 

\ V slope^-oi a^ line irtilch coirf^ns the origin and Intersects the 

vdirole (x>12)" + (y -5)^ 25*^ 

' ^ - Koblem D ^Ite ^e e Ration 8 of several line aegpaents^^'^ 
-2 < y;< a ■which ^11 spell your fl.rst name* ■ - 

• toie problem of posing md reposing algefeale "toM prohlema Is a ; 
tou^ one, Eie solution of TOrd^ problems requirei the translation of 
In^lsh 'words Into mathematical tems a critiaaJJ^^ needed sfcLll in 
any dlsolp3.1ne ^ieh uses mattiematlGS. One fllf Acuity Is that the / 
quantity; sought in a wprft problem reci^ring tto splutlon of aa eq-u^-^ 
tioh is often fcnoTO in '-real life posed realli- 
tlcaLlJ^^ however^ It can be bolved using oiJ»y M^ittaaetlc. ^ ^ 

' / ; • . Example 27 \ ^ _ ;^ 

^ Av Eie BlffboTO Collseum has Sb^CXX) seats 8,000 reserved 

\seati ajid 3^,000 general atoisslon seats . Reserved seats , 
./ cost $10*00 each while general atolssion seats cost $5*00 
eaQh*. Die neTOst roclc group sensation * SMOOCH* is. giving a = 
Qoncerb there* If $130.^000 was collected from the sale of 
/ ; . 18,500 tickets,, how mar^r reserved seats TOre sold? 
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A B^a^a* more re^istic vision ^ 

B» Bie Bi^oTO * obaoert t^re. m» ^r^pter estljnatea _ 
r \ ,7 . Ms Ba^naes/ for progrMS^ janitorial gervlGe, etc, 

V : • ^ sfct llO^pOO. If SMdOOH OmmAB of the price of mmti tlcl^t' 
■ sold plus $lfO>OOp^ how reserv^f d ssll to hreak 

; ■ even? to mito a profit of ; $50^000? ; ' ^ 

_ PyS, A^bte^ta at hOTior (liowfever feeble) In the etatra 
ma;toamatiaal prctolfflia a^a liBiMlljr worthwhile. 

• In order ; to incoi^orate InbaraatlAg open aew^ prdM^^aB totb ypiar > 
^aas^ ybu may donsult one of the mwy prohlem hooks current^jr avadiifble, 
,Wa <d.oae this seotion -wlto three ax^gie of eu^ 'prdhlema vdth Buggeatione 
for rapoaing tham to'a more oh^lfenging mtoner 

. Example 28 ' 

Problem 1 Prdym that a positive Integer greater tlmn % \, aU 
of whose diglta aie idenfcical> eamdt be a perfect squaafe* 

7 ■ :~ r :^tfblam lA ;(Bettar ) aqixffl'es haw Idantidal fflgatb%? V 

. Brobl^ 13 (Best) " -^toat la .tha msDcdmm ntmbar of identlori 
non-zero digits In which a a guare can end? , - 

" Ctoment : JomiilatlonB M attd' IB repose t quaa* 
tlon to encour^e gitesalng, Veraloh IB haa a posltlTO ansTOr 
. - (rather than "none'*)- 

\ Example ag : r 

Problem s Show that 1 +^ + — . la never an integer. 

^-^^^ / & 3 n , 

* K^oblem SA ^e aeries E ^ . i a known to diverge and oohsaqusntl^ 

= n 111 1 
- .the sum 2 ^ = 1 + 5 + 7 + - cM.bacoma M-bltra^l^ 

^ k^l ^ . ^ 3 ^ ; \: 

large * If to examine a few of Its partial aums^ wb aptiee that . 

ji^ 2.083, S" i^3-^ and t Can 1 J 

^1 ^ ^k-1 ^ /k«l^ k^l.^ , . 

ever be an lirteger? ^ ^ 




V "Ctmentg ^ Giirt-ng iMie nimeridfid. examples qften haip's qlaa^lfy . . 

the problam asd ms^B it more t^tali^ing to the- solirer* A \ ' ;. V 
ealeulator eapQ be uaed to computa -Hiesa other ©xamplas. ' 
A gemstiy'exaB^iir: ; ^- :■: ... r ^ . / ; , ^. 

V groblam 3 • For a .point^;p Inel^ei^rilateral/. 

. ' trlajigl& ABC^^^e sum of 

pen^QUlara:a^ e ftm P to^ 
the Jldei ,a4uals the : altitude, of 
--r- - "-7 : f ^ABC, (Vlviani » a "Theorem) • 

Problro gA^ A man boi3ght m estate enc^oeed by ttoea straight ^ 
roads eac^ I'mUe Img, He mshed to buUd hie house somewhere 
on "Uae estate so that If he should have a straij^t drlvai^By . 
mitdi.^fl'cmi the front to ea^ of the three roads^ he might be 
pirt to the least aS^nse. ^ere should he lora^te the 
house? (Dudeney^ p^p Curious Problems and Puzzles , #J8^) 

Congrient : Ihe : problem Is posed as a question, By quantlf^ng 
thtf' problem^ es^rtaientlng with several locations to help 
- guess the iolirtion.ls encouraged* 

\ - - - - - '- , - ' - ^ - 

\ ^ : 5'. - Suoaaary ^ - ' - - . 

Ells paper is eoneeraed Mth the Inprovement of the oft-ne^eeted . 
artiof problem poslr^* -Ihe 'ttiree key wrds fn this sentenee ^ - ^ 

"neglected"^ "art" and "IfflproveMnt". One has only to examine .the . 
problem seetions of most teDrtbooks to>-eee the "na^eet". Eiey Often ' ' ! 
aonslst of lists of rigorltlmalc exerGisei,^ unimeglnative TOrd problems^ 

"prove that" problems^' etc. (the PBTH:^w|;t>rnh1^m^ mnn^ n^ naniy mr^me^). 

We have of fered one a^om "and ten so^ge a tlons for Improving the' ^ 
manner In 'Which problems are posed, ^ey are* ■ . , . ' 

■ (l) Pose a sequence of algorltlmlc exeroisis. whldi are examples / - 
of a gener^ pattern. * 
(a) Pose thm reimrsal of a familiar ^aestloni aak;tha qTiegtlon ' ' v ^ 
in the oj^oalte way. 
• (3) Pose a "GlvB an Eximple of " problem ' . 

' . ' (k) Pose a problem mth realistic data. 
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^ - i ,/ ta ^^ictad ^ ,1be tirikhoTO In jpeaii"^.. v= / ' ' 

, mlj^^ plauuslbj^ to aa^* ■ v / ■ . ■ 

(7 ) . BDia a protolOT _ 
Ariom To^m the problm in a mmmr "whidbi reyriyes the.^eolTOr llrgt . . \ . V 
. to \g\iess "toe solirtlos^ v ^ . : s ^ . 

(8) PMa a prtfblOT hki^ng oniy one sriifclon as a^quigtioni ; / 

, (9) loaa a proibiem hayl^^ 

Ij!:^ . u ^ 

^ As Sb:r, "earfc?;^ to s^^r will / 

. ^ (1) .. be^ motivated to solve the problem^ . ■ " ; . ^ /\ 

(2) understand and ret^ta the oonoept involvid In thm art-utionj V ^ 

. ^- . - of the problemy ".^v--..-- " • M^.- . -,, 

(3) ibarn somethlDg about the art of solving problems^ 

reqxiires the ereatlTrLty of ap. art'ist* . tChe suggeetidns •■ / * 

offered to this, artlcae Idll l^pefully ^ "Imprpve*' the state of ' 
_ the art* ' ' ■■ v, ''"^^ ^ v* ■ ■' 

aha atitay of mathematloe is BolVlne problejha*- It is inoimtoant^ 
. ^BTrntOTB^ jbea^^rs of m^hOTafcies gji Ij^rels to teach the 

art of problem solving- The first step In this process - is to pose 
tlie problem properly, ^ ... ■ [ ; ^ 

;. * •.•■'v.. ./ ■ ' ■ ^apared by Hiomas. Butta^ 1/8O 




- ' ' 'real-world^ . " 

. Applying matheinaticS' 'in the ra^ywbrldvis a fornt ^f^ prbblemCsolvings^^^^ 
in which' the prohlemSv dome fromi outside of m itself. In thij/ ; 

aBpeat;':of ^probiem EO^^^ is used as a ^ool' ^o; ; f ormuXata an^^ 

anaiy a: wo del. - q f some ^ar-vofld problam* ^Ig mathematical model is* ■ 
Vsome feijf of mathematics^, subh as numerical pkpression^ equati function, 
gt6matrie figure ^ or algebraic structure , .which e^^resses in abstract termB 
/arid iymbole eomething, about realit^^^ Mathemtieal modeling Is eyelid 
iprocess whicft;takes the from the world of reality to the 

TOrld ,of. mathomatics and back again. : /k V ': . ? = . / ■ 

. /One very illuminating way' te^ describe the. mathemstlcal raDdeling pro- 
cess is the "diveTSX/im-eliinb?- a^^ ±o. Professor : J, Syngev ;" 
Aeebrdlng to Synge, S9lvlhg a 'real-world problem' mathemati 
three stages : ^' ; ' '.. ' v. = ' ■ " - - . .^^ • . 

1) A dive from the wi^ld of .reality into the world pf mthematics , 
■ y This first ;st age involves tranilating the- problem from ordinary lan-^ 

" <^ guage into mathematical^ terminolo^^ a symbolism, At the; end of ' 

thl 5 Stage there will be a .pwe mathematical - problem' ( the mathemat ical 

model) 'to be solved- "J . ' . / - 

2) A svim in the world of mathematics^ , ./ - 

. During this stage we find a^ solution to the mathematical problem^^that 
was formul^*ted dur.ing the dive, Tbis may consist pf solving some : 
equations or inequalities , proving a geometric theorem, evaluating a- 
'function, writing and running a computer prbgrad, or some other ., 
- mathematical task. We -'perform- this task without necessarily thinking 
about any donnejctioh with the real world, ' ^ 

3 ) A;^ climb back into, the world, of . reality carrying a predictloa in ' ^ 
our teeth, ' = ^ • ' 

At this point- we translate the mathematical solution back into, terms 
of the real world from' whence the problem arose in the first place. 
The niimbers or geometric^ figures must be interpreted so that they 
make sense to the person, who asked the question. This answer is, in 
\ fact, a prediction of what will occur In a given feal-world setting, 

* . . . . ■ . 



. ■ •■ .! • • ' " . • '■ • .-. '■.i^.'-J,.* u • . " - ■ ' • .■ ''}f\ •' * 

•1: ; Such /a-prfediGtion ean then t>e tpat^ to see .whether or' not it. agreed^;^ . . ; ^ ^ 

; ■ '. = ^ith observed^aQts*. If. it; does / then we 'can say-^that wevjia^ ' ' ; - ^ 

■:'"V- V the if not s trien the proems s must . ba , repeated with ate - ' 

. ^ / ^dlve lntb the world, of taatheml^e^^ ipo matheimtical model ' 

/ ' -that 'id.ll dd' a better Job ' ^ ^ " ^ .^y" ' n 

-As^ 6f tliii/procea's, coniider the'^proMem of determini ^ 

; high a. puntfed footbail rlees above -the . groim4* We dive into the world/of : ; 
^ mthenmtics by^ thln^^ arid interpreting Its ' v^.^ 

^ path as a parabola, who^e y-coordlnate Is. given by : -l6t^ + v^t 5 ' where . t 

is the time in- sacondSs and v/ . is the initial upward .velocity , in .units of ■ r .. \ 
/■- feet perc.s-eDond. .This model has conveniently been provided\to 1^^ /^ r ; : 

physicists s who" stu^ :Similar problems,* " . . . =\ / ; ; 

:Our swiin In mthematics fir requires that; we re-formulate the mathemai^j^ 
leal probleml to compensate fbr- the fact thatfwe don't know v^. ; (^e do^iyiQw , _ 
^ t, the. "hMg time'^V of: the " 
vertical' velocity ^ei^o; If-we make this aw .starting poi y ^ r . 

'. we: will need to coi^ute y after 2. -seconds^(half ;of thp hang; time) . We findr. 
■' ■ = that ' - _ ' - ^ ^ " ^ J a ' ' ; : ■ :'_ ' / ■ . - ■ . - , 

- As we climb" back into thfe re^l^ worlds, we reinterpret, oiir ahswer of -6U \ _ - 

by remembering that oi^. origin: was chosen at;the ^top ol the , parabolic path. . - 
.V if- the/ ground is -6i+ feet from that point , it .means that the football must * 
have actually been kicked; to a 6h feet: above the ground. This 

' answer can *be' ttsted by using more sophisticated equipment .to measure the, 
height of a punt. In all probability we . will find, that our. answer is too 
] high, because our model did^hot take the air reslslance or buoyancy into 
accQiint/'although foot'ball fans^^^^a^^ well acquainted, with the effect of-wlnd . ■ 
• on a'team's kiting per formarice. At this point we might want to dive back. 

into the world of mathematics and develop a model that includeB air resist- , ^ 
; ance^ or we may stick with what we .have, recognimng its: shortcomings. = 

\A remark about the work pi^# and applied mathematicUans^ in order : 
..here/ The pure mathematician can find satisfaction in swimming ^endlessly.. • 
in the world of mathematics, A solution that Is mathematically Gorrect is 
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his' gbal^^ and "ft^he not reqiiirea^ .;'ibn the other haM, the 

applied matkem^tipian doe^^ ndt have thii -liixi^i^^pf -accepting any mathera@;ti-^ 
eal . solution,^ ; Evii^ .ipbtenti^ ;;so must checked ''againat^yeaJity*^ / 

The goal 6f art' Applied is a "better Vimder^jp^ 

and many 'perfectly gojbd- mathiinatieal solutions must rejecte^ because they 
simply . to not majie sense in the" phyiicia or soa world. Students should 
^e^madg'^are of^ this/distinetlon as, they^^ routine exereiaes^ on 

mthematical skills to probleiflfe'vKtfJieh^ qAieiti^ns atioirt the real^.wqyld.. . . 

^ • An Mt#rnative^,>^ descrihlng the procesa. of imthematlcal Md . 
is- thrf m/EV .apprpichjattrihutei- tq^^ i^ Ralph^&omas. /teri^^^e 
steps*; ., • ^\ : ■ ^ .^'^ \ - ^ .^ ■ " 

1 ) Measure, . Obtain. da^a: from •the real; m^rld*^ uaually comes . 

from observation and measiirement , although;, some of , It may- be found in 
. tables; or books.,^ V ^ \ _ '■ ^J- '-■ ^ . * '■' 

a) Related Look for mathematical relatioiilhlp^ the data s t^l^g t^ 
'}\ the data togather by means of .an ;equatiorL,5 funqtiop's 9^ geometric / 
^ figure. We search for patterns that will bring order to what 'St art ed^ 

- / ' v-out'as rw. fac * r 

' model itself* ' . : ; . ; . j ■ ' . ' ■' • ' 

3) Predict , Onc.e we have^dlsGOvered a pattern to dur data, we can use - - 
; this pattern to/Jredlat an outcome that was not previously recorded. 
Such predictions oft erf take the form of iriterpolation (finding ; values 
in between those already observed) or eytrapolationV'C finding values 
beyond those previously noted) . = 

li) ' Verify. . We return to the real world .with oiir prediGtion and attempt to 
test it agaihst observable facts. As in the dlve-swlm-cl^iph analos^, 

= " /Mm. may need to' collect more data 'and go "back tq^the drawing board" to ; 
formuiate a mathemtl.cal relation thW ; . ' 

As an exampl^e of^MR/PV at work , It has been observed that; crickets chirp 
faster When the air is warmer , ^ If we want to imderstand this - phenomenon - 
mathematically, we may. attempt to obtain an equation giving the rate of j 
chirping as a flection of temperature. Suppose that we obtain the following 
data by counting the average' number ^of chirps per 'minute and meaauring' the 
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• ' ' " , diie'.si^fe ralstidnsbip TO ba lin:ear. /A routine applt 
""- two-poiirt form' of lJnear-;eqiiatlon ;le^ ^. UiT ^ Uo) This mathamat-^ 

, i'dal modfil . now can be upad tg: genem about the ra^e of 

■ I ^hirplng . at , other^ temperatures, Oria^of these, pre'dictloris can be verified . 
M?^(oi* .eont^ to %he oricfc|ts ok an ey'eriiftg when the tern- ■ 

■ \ peraturl'is 6Q^.- If the/average nwnber qf chltps paVvmJnuta on that Wening 
; turnE out to b4 .112^ 'w/will have more corifldence in pur rap.dal , ^ However , , a. 

rate si^iflcantly Ipwer. or higher than this^ would cause us :to eeek a ^ ; 
■ :^d±iterent mathemaiti^ Sen^tionihlpv-^ich.-^^^ .^^^^ ^ ? 



anothep evening. 



^Vhiiie^the notion^'of ■ a i^ is central to applied; m%t he- . 

maticis we! should ;not let the .forma;Litie,s/of constt model \ V 

interifereqi^th the devielopment o^ :probl% so^^ ■ Going ;through ;^ ; ^ 

the complete loodeling process for every applicatio pedantic - . 

as trying to mke every proof rigoroUs*^ ^ W our studenti to he : . 

acqimlnted wi^h the notion of a /mathematical models "but thp adt.ual iirodeling 
.process can be done less ■ formally* ' ' ■ ' '\ ! ' ] 

' In addition to being-.a good spwce of probleras^ real-Forld applioatlons 
provide/ a nimber : of. important fringe benefits. . ^ . 

1) Motivation Students are ganer^ly more ^willing and eager to learn ; 
^ those things which they perceive ^s usef^* ^ Utility an intrinsic. 

^rm of motivation^ as opposed to. e^cfcernal . incentives , such as graded* 

2) Enrichments ^ A good taachfr seldom finds the textbook completely / ^ 
V -adequate, to meat the needs^:^ The better stiidents need ^ 

more challenging problems, while, the slower ones need more opportunities 
ti^. practice IbasiG' skills, /The whole class can benefit f^om interesting' 
^em^lM of mathematics in use. ^Applications can^4ielp meet all of these 
needs. , • / \, 
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3)- ' Variety ''-Appli eat Ions cah^; provide / an alternative to the tisual cliassroom 
■'-Stoutlnei' vhen the students are invWvs4 In gather thetr 
■own data ^ such as .in an^ outdo ' ' " -^--^ — - „„i 

ki - Rractloey " Applic^tdtfB can provide' a vehiM^e vUerteb^ have an^ 

• ; ppportuiiity to uee their Mathematical Bkills in new and - int e^st ini ^ con- 
" ^exts, "They can fea,.^spm^ pwpose^ ■ ; U.j " ^ 

5) ^ Unificatloh . relying ^ mathematics to; in the qinfrieuW; 
"T^^" tKelteScHihl^^ he^jan - aid^ inTiritegratihg yarious 

^ diSQipiines t ^ For e^ismple s manfi^ .applications, of^ mt^ with , 

■ physical and hiological sciences , ; sociii ^uSlesV'^lHdOT 
^ ec6nomcBV^;art^\ah4 imsicy Some^ excellent o^ortuttities arise fbr/^ 
teachers ih different departtoMts to plan t ap that tHe icience, 

social studies, or art teacher, will asH student^ to use concepts an^ 
'SKill# 'h^wQjr 4ea^^ ih; tlie^ mMihematic ; ■ 

6) - FmctloQal literacy * ' Mthough tiy ^n6^ ateans iiew^ the notign that our- 

:schools must prepare students to fundtion: as wise cdrisuMrs m 
^ \ ened citizens in an Ineraas^ngly technolqgica culture, has; rafceived new 
' -'^ impetutf^durihg"^^ 

proflcienqy ih coisputatiotial/skills^ hut the rtllity to. use ttose ^ - ^ 
skillfe correctly In a variety: of situa everyday 
\/ life,^ /^ Including real-world applieatipha in the^ piirrlculum, we pro- 
.vide such contertB and give the: students important experience in : 
putting their .skills to work. ■ , 

7) Career Education . ; The National Council of Teachers 6f MatheBiatics has 
called for cooperative efforts on the part of guidance counselors and 

^ mathematics teachers in helping students to mke appropriate educational 
voeatipnal, personal, and social choices. Today more and TOre jobs . 
require mathematical skills, even as many of ow hl^ school students \ 
are graduating with weaker '^mathematical foimdatlons:. Through applica- 
tions, we can spotlight somf of the matheii!atics needed lii various 
careers and emphasize the importance of mathematics as it relates to 
the Tuture vocations pf our students. 



= = A •gOod',elaiBrooiQ appli^^ 
uMfulnese.^ 'It MShpo^d reality to make studeAts^ believ 

that it is, impgrtant.. ^ On' tiie^ other handi th# .mathem,j6iGS has to te' at gl . ^ ' 
level appropriate to the itudehts' ahillties* The statement of the problem- 
must be simplified ^dr^^etrep^lned to the extent that; students; q^^^^ idfriti^fy ; 
key. facte and '-relations and not befiSmWapst in a tangle of irrelevant and 
reduiidant dnformatidn* 'Som , features which, make an ^application particularly 
appropriate for. .plassroom use . include the following r : ^ . . 

1) .; The 'applicaj^ion need not be imediately::^tacticai>^ but it 

shp^d be plauffibi#Vif ilo^^^ that soinebo^ has a gioqd reason to . j 

ieel| an answer to. the problem. The students ¥hoUld see the problem as 
re^i^ted to their own experiences .6r those 0;f "somebody known to tjiem, 
It^is., import ant to r^emember that merely phrasing a problem in terms 
. itlal-world ctbjects And activities does .not make it a genuine" application* 
J/ery fiw of 'the word^probleins in our textbooks ask guest ions^ tto anyone 
>. .outside of the mathematics clp-ssr^ would care to answer* For. example i 
\ 10-foot Aboard is cut into two pieces, one of which is 6 -inches short 
\of beiiig three- times the length of the other. Find the length of each 
piece * " ^ y ' ' ' ■ ■ ' ' ^ ^ ' ^" . . . ^ ' ' ' \ 

2) " Tlie problein shoiald"b% 'realistic in terms - of the. data used as well as -^^^ 
^ ti.e unknown whose value is sought, ff possiblej data shoi^d be taken ■ 

. fiom real life, wKich means- that . prices 5 interest rates, speeds of air^ 
.planes j e'f.c^ j may hav^. to be update.d periodically V ^e other half of — 
'tiis criterion rules out problems asking for Mary ' s age^ given informa- ' 
tlqn. about John^s age and their- ages togetheri or problems asking . for 
tne dimensions of a room, ■given its volume and area of each wall,' . ^ 



3) 



Calculations should be feasible with a modest -hand-held calculator, 
'Today we can pose problems.; with .realistic data and not burden , the 
students with an unreasonable computational load* The other side of 
t^his coin is^that we need to teach students about precision arid accuraGy 
and how to interpret results . obtained^ from ineKact data. Most teachers 
are very /unsure about these things 5 and there is a real need for bett^^ 
pre-servlce and in-service education in this ar^e^* . . / 



j^... - V '^-t'r.-.-. ..•.-w*i'■ 



M)\ 'The iplufcihn lahpuld'not be "in^ ^The; i 

' • rekiiXt-' should<^-Tje" cpnydnciing* M^t^stabl,^ ,'. .arid ' ai*tt le - 'siir^'risiiig . ffiirios- 

* ^ 'Ity^ i3%ftother: intrirmic epuroa-bf mbtivation, and the students should ^ „ 
appraci4te the' 4ieed for doing - some inatheinatiGs; in/ order.- tp-^ 

■ • answer. ^. /'^'nJ"-^' ^ ■ o^^-'.^^= = ' •• - 

f-S ) , Tha^^pltcation should illi^natje Md- motivatefi some mathematical ddeai, 
. ,*In other words, the solution t6 the problem ihoi^ the student^ ' 

%t6^ a;skhf i^thWr ; qud^ittqns abOTit mthemrt 1 s ; it s eW :or iea^thi s mathe- 
matiej in a ^ new light,/ Hietorically.-matheRiatic 
: : enjoj^d = a s^ ^th mathematics providing toolf for 

'aolvpig tough problem new avenues of mathematical 

ihyeitigat.ion. On a smaller scalej the. ^heory and applications of 
■ mathematics should reinforce each other this way in the olasiroom* . 

6) : The application should be iriteresting ^o the teacher t ■ Eithusiaim (or \ 
the lack of* it ) is contagious. If we want our^ students to tejpy solving 
^ problem 5 hen we must paint a picture of problem solving as a stimu- 
lating challenge ^ rather than as drudgery. This is surely ' easier tp do. 
^ - v^hen the teaGher^ finds the appiicQtlp^ ipte _ : : ; _ ; 

/ should begin' to develop his or her own personal file of interesting f 
applications which can be /tapped for classroom use |rS the occasion / 

■ " warrants* . 
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Reai-Wot^ld Problem Solving:- Bic/c;^ \ ' ■ - ' 
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* e?. y y " = ' ' 

->/ -l-..v-J?ca^i^^^he Train^'. of a' ticycle , : and look, fdr basic geon\etri- pha"pcs% - 5uch^ - 
' : triangles. ^ DeternAne wheth^r^ or. not janyvparts of 't t;rane -form ... = 

"/ parallel lines: / ' - - ^ ' ^ ■ ■ " •[ : . ' 

• a,. . Count' the -teeth oh each gear^Vheel of a particular bicycle and make ^ 

•table showing these numbers. (A geaV attached to the fear, axle is p^lle^ " 

iprdcket , while a gear attached to the pedals, is cailed a chalnwheel. v 
The pear advantage is the ratio of wheel^ revolutions -to pe"aal re^ol^U^hb 
Vhen the bike is in a particular gear. / How ean^ the gear^ advantage be , ^ 
determined from the numbers of teeth, on = the sprocket and chalnwheel? . 

^ 3. For'a bike with ST-inch diameter wheels. Us- teeth oh the. chainwheel and ; 
. 28 teeth on the sprocrket W far. will it. move along the^ "street for each 
complete revolution of the pedals? Derive a general formula relating ■ 
' ^ = distance traveled to whe6l diajneter and gear adv^antage. - . 

U: The ffear ratio for a. bicycle is defined to ^e / - ■ ■ ;^ ' " ^ 

■ — when^ - . c — # teeth on chainwheel ; : / _ 

. = _ ■ ■ ^ .5 = # teeth on sprocket . . / - 

. * ; ' *d^= diaJneter^bf . rear whe^ei JSi^^i ' - ■ " ; ^ 

; If a bike rider cranks the .pedals at 72 r^p-m,: and the gear ratio^ is- T3^-0, 

■ how fast is 'the bikd^ traveling in miles^ per .hour? ■ ] ' . ; - , 

3. A bike ridet- ' g c^ehoe is the nun^er of revolutio^ . per; mlni^e made ; 
' ' /the. pedalsV Eerive a formula relating .cadence, gear ratio, and linear . . ^ 
.. speed of a bicycle. ; ' ■ / " ' .J ' • ' ■". 

^ 6,' ■Gearing of a bicycle , is often set up so that, for any three consecutive ■ 
■ ■ • : gears , the gekr advantage ,;of :tKe middle one is approxpately ■ the geometric 
- mean of .the gear advantages of the other: two. Cheolt this out, for a 
■.pdTtleular tlcycre. Design a; S-speed gearing: system that malces use of 
this principle. Assume that; your "chainwheea Viir have^ US teeth and the / 
■\ ' sprockets for hifih and low gear will l^^e lk anf 28 teeth respectively. 
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7 i : ^ Bi cycle ':rldere/are'a^ect%^^^ ^resistancf , '^iknowri as wlnd:.4rag . When " 

'} ri^ng in etiil airv the speed^ of tfie ticirc 

, , but acts In' the opposite direction. ' If "a yind is blowings it cpntributes - 
\' to the total-wind drag-f^^g^^^^ 



'''' ^4 Cyclist is :Hd±hg due'^^Drth>at .l8" miles" per hour, Ttim wind is hlowing • > . 
" ' ■ . from 30 degrees south .of east ^a 5 miles, per hour. . Find: the to%aiv^dhd; 



8y-HThe -diatonce^-^eeded- tb^ speed-off^he - 

-bike and; the -pr as sure applied ;4o the' braJces* Perform an experiment 'that 
'■ measures, stojjpin^. di%tan.ces ^aj : different- ^ Try . to "use*the^ sam% 



brake pressure ^,each time . 



V . Make a graph of .stopping diit^nce^: versus \ppeed and another graph of 

stopping distance versus .the sqtifcre of the 'speed, = Try formulate anr 
equation [i.e. a mathematical model] relating^ these two. va'rlableB* . i 

9i If tlia bicycle to be used in .pro^'lim^fS" is= not equipped with^ ^ speedoineter, 
^ dayelop on^^ or more methods of deterA^ining its speed, ^ -: - ; 

\ ■ ■ ■ ' ' ' ^ . ■. ^ ■. ■ ' v-^'- -. - ■ " ■ .= " ■ ■ ^' - 
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Real-World Prpblem' Solving,: _ Meiisurement nt Home 

Home Sweet Hgnie „ * 

1. A pair of drapes to cbver a doubie window wilt^ reqti'rt- 5 wiritKis of material, 
2^ widths sewn together for each drape.*' The leiigtti of the arapes muat 

be Ul inches, with 3 additional inches at the bottom :'or a. h^^m and six 
additional inches at the top for pleats. How much will the niater ial - coat ^ 
' at $3. 50 per yard? 

2. One gallon of paint is supposed to cover UOO aqiiare feet. A bedroom iu 
10 feet by 12 feet with a ceiling height of 7 feet, 9 inches. The hall 
do^r measures 30 inches by 79 inches » and the closet door measures hB 
indhes by 80 inches. There is une double window- measuring 36 inches by 
So inches. The walls and ceiling are to be given a single coat of paint, 
all 'one color. How many gallons of paint will be r^equired? This paint 
sells for $lU,50 per e^allon and . ^jO per. quart. Flow much will the [ialnt 
f o r this r oo m o s t ? 

3. If the homeowner decides to paper the walls oi' the r^uom described in 
problem 2, .how many single rolls of wal Ipaper' wi 1 1 be needed, if each 

si ogle rxjll is tiUppcjyed to cover square f^etV flee au Be of the- need for 

cutting and fittin^-^is do not subtract the area of the window thia tlme^ 
but do Hubti^act the ai^ea of the dw*ot's . 

A dining Fijcjm tabic* hriEi ti circular l^jy with u "pU^inch di^ajnetcr^. Kouj- IcfcLVcS, 

each 1^' inch^^t5 wide, can be added to e^xtemd the Labie, Two tab 1 1 ot lis, are 
t.v> be: niridti- , .jrie fur the circuletr table arul tdie ulher tur ttic table fully 

extende-1, A fnlnlmafh wverhang uV 8 irichfz^i iii desbire^d^ all at%.u!i4 the table 

Ttft' mat.er^i.Ll i inrhtr-H wide, but each hern i^tj^iiii will tcqulicj nn 

I 

idAlLluiitxi iii<^h. ii^^jw iiiriuy ytiil.. T iiiol. ci lal muol, be purchciBe^dY 
bot.o ..)f ^'f^')bie^^J 



The lot is V.-^^t by [So it-eft, I'he tu.>u^e cuj^m square teet and Hie 

driveway another ObO bqucire te?? i . The itjai. ^jt the lut (with Lhe exception 
if^ a I'ew .;riMl. 1 rTwwer b- I i . br- put in Ki UraSi^ rieed r^blb $1 5.'^^ 

for a 3--pounrt box, antl the reu=. jfmii..- n..b m1 nutidiu^, vnltr t r. Ir- pt^unUes per ttiuuaand 
square feet, H iw mu^^h Will it, iu..^Ht t.^ need Hit: yn.vd'i Fertilizer cOStH 
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$8.69 for a bag that feeds 5000 square feet* How much will enough 
fertilizer for one feeding of this yard cost? 



Sod costs $1.60 per square yard* How' much would it Gost to cbver the 
yard with sod? (NQate: "This problem can be macle mr^re reHliotic by 
providing a plot plan from a magazine and having students take their 
data from this plan.) 

A patio is to be poured in the shape of a quarter circle, with a radius 
of 21 feet. The concrete will be k Inches deep. If concrete costs $36. UO 
per cubic yard, how much will the total concrete bill be? 

The driveway measures I6 feet by ^9 feet, .Vfhat is the weight of snow that 
must be removed after a 5-inch snowfall? (The weight of snow varieB with 
its moisture content^ Fur this problem assume that it weighs ^5 pounds 
per cubic foot. ) 



The region shotrn at the, right 
is to be planti^d with shrubs. I'hc 
nursery f^ecomrnends that these be 
pla^jed i ti,j U V^el apart (center Lt. 
oent^r), llow many shrubs will be 
n^cdcfd.? Mulch 5 thrt^e inches dcay^ 

is I: J Ij e p 1 ci c el a r u u n d t h S h r u t . 
Huw inuuy bei^^rj wL r'hi^l.h will t^t; 
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10. A lU^lnch by l6=inch by 38-inch rectangular bale hay weighs 60 pounds. 

. How much does this hay weigh per cubic faot? 
I ' ' * ' 

11. Some farTners bale hay in round bales 5 ''ftet iii iiairieter and 5 feet loni^. 
How many rectangular bales of the size in problem 11 doe3 it take to equal 
one of these round bales? 

12. A Gombine has a l6^foot cutter bar. (i.e. it cuts a swath i6 feet wide.) 
How far must the combine travel to harveBt one acre? (One ncre equals U3,560 
square feet J If the machine travels at 3 miles per hour^ how many acres 
can be harvested from 6:30 a.m. until 2:15 p.m., with a U5^minute break 

for lunch and two 15-minute rest perlocis? First aolve this problem without 
allowing for the time needed to turn arourid at the ends uT the field. 
Then make some realistic assumptions about turn-around time and get a 
second scjlution. 

(^ea a related problem, 0-32, on page FO9.) 
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problems , Problems . Ftotlems I 



The' 23Q^ problems in this collection hsLve "been partitioned into 
three categories* 



' II . Application i^oblems 
' ^ III Miscellaneous ftoblems 

Kiese titles are es^lained in greater detail in each section and 
some of the decisions regarding placement of problems were arbitrary. 
The problems have beeti gathered from various «ources^ many of ^ich are 
cited in section C - "Problem Solvir^ Resourcei*'. Most of the problems 
have appeared in at least two sources, 

^ Although most of the problems in this collection cein be solved 
using ideas from arithmetic^ informal geometry^ and basic algebra^ no 
hints concerning the level of difficulty or appropriate grade level 
have been given for at^ problem. Ihis "omission" is intentional for 
(at least) three reasons. Most pi-oblems caji appe^ to students at 
various levels of sophistication depending on ^at is accepted as a 
solution. For example^ the detemiination of a certain length uould be 
done by solving an equation^ by approximation using some trial arid 
error method^ or hy ma^iri^ a physical or scale model and measui^lug. 
J e cor idly, v/heii unc cncountars a prublam in the real vforld^ there 
usually nu iiidication of it^ dirfiaijjty. finally , the uld phiiuaupher 
deays, ■'DifXlcuit for yuLi^ ti^ay fur me." 

t'uiiuwliig Swmd t..f Hid pTybiiiiaa * 



I 



Open Search Rroblems 



i 



wiiiuh indicated .^u u^lt^j.iiu.Ls^ 



easeiitlully the aatiid prublein. 

COMMEI^T - V/hi uli uQUtaiiid ^uimut^kit^^ uri W4iy ^ L.> 1 1'uu I i v u .1 ^ 



LiSe the pi^ublam 



and 




^ose A aiaiil^jL- problem 



would happen if 
And now, on to the problems i 




r 
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III Open Search Problems 

An open sear^ problem is one which requires the solver to 
search for a pattern, to select a strategy, or to' discover a relationship 
which is not obvious from the statement of the problem. In eKercises 
or in mmiY "word problems", the phrasing of the problem suggests an 
algorithm to apply, ari^^quation to solve, etc, Biere are us'ually no 
such hints in an open search problem* 

The problems ajre in random order except that certain classes of 
problems have been grouped together, 

01 p Vlhen all the whole nmibers are listed in order* 123^5678910111213^ 
what digit is in the 206, 789th place? (Example: The digit 
2 is in the IJth place. ) 

VARIANT^ It ta^es 206, 789 digits^ to number the pages of a very 
long book. How many pages are in the book? 



;ill...l) (100... 05) + 1 



J2. Calculate: 

100 I's 93 O's 

COWMT^ Calculator useful. 

03. Suppose the scoring in football is smplified to touchdown - 
7 points, field goal - 3 points ^ aiid nu uther ^auurlng. Wliat 
^uure^ a.rt^ iuipossible to achie\rti'r i^^S- ^^'j) 

VAKIAWI"; With a aiLyyl s/ of Ij^ aiid J. ' J ^Lcunp^^ whul u.iiuuiiLi^ 

of yu^la^a cuKxXd you put uii a pa^ulcagc 'r 

^eueral^ fe4iiuh puaitive li=il.e||erfci uaii be aApreattea thu 
of two or more conaeuutive integera? 

divi si an . 



i O 



]toiagine 1000 lowers, all closed^ and 1000 people- Suppose 
the first person goes along and opans e^ry locker • Hien the 
second person goes along and closes every other lo^er beginning 
with fte* Die third person then goes ^ong and changes the 
atate of every third locker beginning 'with #3 (i.e. if It's 
open^ she cloaes itj and vice=versa). If this procedure is 
continued until all lOQO people have passed by all the lockers^ 
a) 'Which lockers have ^been touched by exactly two people^ 
and b) which lockers are now open? 

COMNENT: l) Good problem to introduce a number theoi^ unit 
in middle school, 2) A whimsical problein often appeals to 
a student because of the mental picti^e he gets, 

A person 6 feet tall \mlks all the way around the earth 
at the eqimtor. How much farther does his top of his head 
travel than the bottom of his feet? 

VARIAOT; A steel band Ib Btretghed tlgiiUy all the way 
around the earth at the equator* If this band is spliced and 
another 10 root aaction is added^ what the -tallest 
ubject which could iiuw w aJL^k uriderneath itY 

uUNr4&NT: l) Aiiuther vrtiiia^lu^ problem with a (^siieraiij ; 
iniexpt^ u ted reault. d) Guud prublttiu for dtudfeiiitd tu rirat 
tibtliaat^ Mi ^uess Llie au^w^r before a-ttuinptiu^ to iswi ve . 

HuW UcAU ^lii^^it^ digit liit^^^ALi Lyj. J^*Ja*^<^U ill Uit^ JVi'W^J, L.w/w^,. .ji/ 

that wh^ju^vcr liite^Gr la piac^d lii the luvi^L row^ the 
inte^.e^L" ^bov^ It luu^t uuwiijt' that iLiukLiy tiiJi^^s ill Lhe i wwer 
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t'Kjl ti^mii^.i , it' d la plaued lu th^ Uua Uviww ^ Uhti, uin^ L 

appe ar twl c e in th e 1 oto r b oxe s . 



ETC, I Try it for boxes 0-7 ^ 0-8 



08, Louie the Gambler took his week's pajrcheck to the casino. He 

paid the ^2 entrance fee^ lost l/a of his remaining moMy^ .... 
and then tipped the hatcheck girl $1 on his out. ^Is 
bad luck persisted; the same sequence of events happened each 
day for the next k days . ' At the end of the fifth day, he had 
$5 after he lert 'the casino, Vtoat was his weekly paycheck? 

iVARIMT; Essentially the same strata^ can be used to solve 
problems su^ as l) How can boiling a pot of vegetables for 
IJ minutes be timed with a U minute "hourglass" and a 7 
minute "hour glass'^? 

2 ) How can you bring exactly 6 liters of wmter from the pond 
to your hoO.se if you have only a k liter pail and a 9 liter 
pail? 

09- In which rectangles with integer sides the area liumerically 
etual to the perimeter? 

10. The set (1^2^3,U) can be ^^rtitioned into two subs%tB 

[1,4} and [2^3) in \^ich the sum of the elements in each 
subset is the same, set {1^2^3^4/5) cannot be so 

partitioned. For #ilch positive Integers n can the set 

[1^2 J,., ^n) be partitioned into two subsete (they need liuL 
have the laame nimber of elements) in which the sum of the 
elements in eadi subset is the satoe? Describe a method of 
partitioning the sat when it ia possible. 

CUMM^^T; Liwud problem for fiuaix% ^ paLLem mid a alsciia»slu4i 
of the pi^opartles of a solutiori to a problem.. 



sum of other subset, 

duppo^^ a large wouden cuba hae been paluted blauk. It Id 
then cut up in to a) D^f b) luuu smaller cube^. How many 
cuts were required Irf each case? How ^%ny of Uie smaJLler 
cubes have 0,1,2,3 face^ painted black-? 



ETC, : Pind general pattern for cubes, fay cutting up into 
other shapes. ♦ 

Which positive integers can be witten as the difference 
of two squares? 

VABIANT: Which positive integers can be the length of one 
leg of a right triangle with anteger sides? 

ITC* \ 1) How mTOY 'vra^s can an Integer be written as the 
difference of ^^ro squ^es, 

2) Vtoich integers can be written as the difference of two 
cubes? 

Roger Miller claimed on a TV show that ha was I/3 Cherokee, 
Disctiss the validity of his claim, 

COMMENT: Good introductory problem for several units, (yee 
article 



( rma^t ) Jbl ad thd r^maiiiUGi when -^-^ -^^ ^ -^ -^ ai\ild^d i*^ 



pu^diblc . iiow uiaii^ iluc^a uT '» iu a i^uw are Llicis 
i [i thl d U A K ^I'i d? 

^;T(J. ; Tr^ larger grid^i. 
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0I7 - Magic Squares 

AriWadditlTe mmgic iquare is a square array of numbers - all ' 
different - so that the sum of the nmbers in each row^ In 
each colmn^ and along both diagonals is the same. For example j 



•5 


3 


10 


11 


, 6 


l_ 




9 


7 



is a 3 3c 3 magic square whose co^on Bvm 
^1^ 18. 



a) Complete ea^ of the follomng magic squares 



16 


15 


20 






11 


li^ 




18 



6 1 






13 






2 







8 






13 













h) Can you flnd a 3 x 3 magic square of whose entries 

are i) oid integers li) end in 0 iii) end in 2 iv) leave 
a remainder of 3 ^en divided by I7? 
c) V^at values are possible for the common sum? 



ETC: 1) Try larger additive squares k) 'J^ry multipllc^Live 
magic squares 3) Use fractioas instead of iritagers k) 
Try magic triangles instead of squares 
eg 



Ai'i^ Liisirj aii^y »^jLher "maglc^' shapes 



, 1. cube. 



the- iei4££thsi of the thx^aa siic^&d^ m^I^ hai T iU^ i^^^M 

rEist-jr" t^e or i^^'e^When the blarik la replaced by a) 



1 



C0J#ENT: Good problem for middle school to get across th 
the difference bet"tmen prime and Gomposlte Integers. 

VARIAWIt For >fti±ch positive integers n is 

a) n a factor of (n-l)(n-3). . , 2(or 1)? 

2 _ 

b) n a factor of (n-l)(n-2), , ,3*2 •!? 

^. • 

. x 

Given the line 

i m —- - ^ # % ^ 

A B C D E 

How majiy se^ents are detemined by a) 2 b) 3 c) h 
d) 5 e) n points on this line? 



V^MIAro^ Eie points need not be on a line. 

How many angles are in this pictwe? Generally;© if more 
■rays are added. 



How iii^ny LrlfeLii^ieB c iu Lhid ^Jt. I. u.i tii ut^iioiail^u 





02k. 

\ 
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If 10 peop!^e are at a party and eveiyone sliafees hands 'with • 
eveiyone else, how many handshake a ■wDuld, thei^e be? Gener^ize, 



025. □ 




Find the area and perimeter of each of 



these polygDns. Generalize. 



02&* For which positive integers n is the sicn of the first n 

V ' pDsitlve integers a factor of the product of the first ^ n 

; integers? (Exajnple- n^k^ 1+2+344" s 10 , l•g*3*i^. ^ 2k so 

; false; n ^ 5 ^ 1+2+344+5^15^ l*2*3'if'5 ^ 120^ triieO 



027* Find aJLl pairs of integers (a^b) so that the siiin of all 
j the integei's between a and h is 1000. 

ETCp : Find (a, b) so the nuin ut cv^ry oLh^r integer bdLween a and b 
/ is' 1000. 

023, You^ a firuggist^ received 10 bottles of a certain drug^ each 
'with 100 Gapsi:Q.es* One bottle contained capsules "^rtiich were 
10 mllligrajna too much. How can you find the faulty bottle 
as quicM.y as possible with a scale? S^uppose more than one 
bottle (but you dito't Xnow how many) contained heavy a^p^L^e^. 
How could you find them afflciently with a acale? 

^. 

^^y, a) iiitu how many regions uaii two r«u tailzies p^i^litluii tn^ 
pi ane ? 
(Ejtajtipla ; 




^1 *.iLi^ ) 



\ 

ETC.. Try uther plane ii^^Bi^ 

b) iutu huw many r&gluii^ can a* cubt txud a ^ipUesra parti tiui 
apace Y 

t;i^J.; Try other suild^ 

COMMENT: Good problem tor testing vlsuall 'nation. 
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0 30* Using 16 unit squares (□) , many different polygons can be formed. 
What values are possible for the perimeter and area of these 
polygons? Answers^ the same question for 16 unit cubeSj sur- 
face area^ and volime. ETC* 



031. 



032* 



oil. 



CO^D^ffiNTi Good problem to practice skiU of finding perimeter. 

For which positive integers n can y^u partition a square into 
n smaller squares? (Example 1 n-2 impossible; 



n - 6 



p 






i 



Given a hay field 600 m long and 200 m wide^ and a hay 
rake k m wlde^ how many circuits of the field must the famier 
make to hav% r^ed 1/2 the hay? He r^es as shown in th© 
figure . 



600 



Cwudia^r Liie iiet of unl Lary fx^actiond t' - 4 , i .... ^ 

d ' 3 ' 4 ' ■ n 

a) Find i) 3 11 ) ^ ill) fractlQus rrum F v/hose som 
lb i ut^ne ral 1 If you uaii . 

I. ) t 1 I } ^ 11) ) 1 1 1 I li ly } L . M. Li 



I 1 



n 



^yui l>e ait liilu^dr 



1^ 
2*3 



99 '100 



maKe a similar aum of fraatiuns "easy" to calculatg? 



ERIC 
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036. Por'-whiGh positiva^ integers n is 



s 1 . L ^ 1 1 
a } — + — - + — — + . . . + > 1 

n n+1 n+2 



b) J2^+T+^+"'+^ <1? 

2 3 ^ ^ ^ ^ ^ 



O37* For which positive integers n does ^ have a 

a) finite decimal eKpansion (Ex^ple: j = *25) 

b) repeatir^ decimal e^atision of period 2 (Extople A_ ^ 
^ .090909) J 

c) repeating decimal expansion of period 3 

d) repeating deciMil expansion of period 6? 



ETC. 



038. Find the prime factorization of the smallest positive integer 
which la 1 /y of a square^ 1 /3 of a^ube^ and I/5 of a fifth 
power. ETC* ' 

A infinite snurfiake : 

C( • 

Liili J uf each sids^ Discover what ^uu caji, 

CoMMEI^T , Au i/peii ended ^iia^Lluii uwiUtj sx^rii...^ a^t^a^ i i tei% ■ 
langth uT time before a certaiii yh^iium^iuAk uecur^j etc jSn 
couxag^s student to pose as ^eli as soXve problems. 

Choose J distinct digits uLna writs^ adi possible .1 dlgl t 4ntti^urs 
containing thtt uho^en digits. ^ Add li^^^u integers ana then 
divide by the ^um of the three digits p. What vali^s are possible 




er|c 



£ot this quotie,nt? 'Do %hB sajie 'f0r/. a) 2 b) 4 
c) 5 digit integers. ETC.« ^- 

.-/'■ ■■■■ 

COIMENT: K*actice skills. ' ^1 ' ' . 



Find, the .a^eas of the. following figujres; 






Do tlmse figures have miythiu^ m uuiiynQn? Any obsej^tlon^ 
COMMENT: More skill practice wlih a pLLrpQge. 

I 

^) d u) j d) ^ e) n. tiuisd. How mtiny regions are f<.jrmad 
iuLu iiww mutiy j,.ic^^;eS catAi y^ju CuL a ^.j^^t* v/i th fci ) ^ ^ i . 1 

QUL^ d^t^L-miLL^ or it piecca)r 'ilie clruui^A ^hapc 1^ 



l) whe^L ftappttas if you can M.wv/e Lii^, ^.ieces ^rtar c.4Auij 

4i' ) wUiiSl tier u the i dha£..v=:d f^^r the '^i^^Ci^ a fe^ - ^quaic^ li-.i 



,Sliea as a cylindrical piece of , cheese int0 ' 8*'ideiitieal" - 
piecea with as, few euta ap poasible. J - . 

ETC.: Consider other ^ "higM.y ssmmetric" solids. 



' Into how. many piece's^ can you cut an orange with a) 2 3 ' 
c) If .d) 5 ,e) n.cuts. Conaider all cases. Bia sphtrical ^ ^ 
ahapeNis maintained? ■*£hrou^outi 

. . ■■- ,^ + . . , ■ . = ^ . 4 * . ^ , , ^ ^. . . . 

S - . - • , 

U - 4} • .?l^PP?B? J-if ^ftn^ move the jpiaces af te^ Jioh 1 
cut? - • , ' • ^ _ ' , 

a) ':ConBld,er othejTvSha^es^ e euhe; : cyMnder^ doliglmut . ' 

How many-' triangles witti intfegir sides h^ve a longest,^-side(s) 
of length ^ a) 1 h) a ' c) 3 .d) 4 e) n ^ units? In ■ 

^aach cassj how mar^ of -the ^trlinglei are" Isosceles? . - 

How many different, polygonal'-shaped floor tiles could. you ' 
mafce so you could tile a floor using tlles%f ,dnly one shfipe?^ 

COM^T: Can rephrase this problem to Bv±t different audlpncea; 
*uw onl^^regtd.to po^gonsjVallow ci^ved shapes. 

a) : How many ways- b^ .you write :'a) 12 ^b)."937 ^) nr^ ^ as a 
sum of two ^ole; numbers ?: -f., - — ^ 

b) . How mBnywa^rs" can you write, a) 3 b ) ^ *o)*'5 d) 12 

e) .^n as,- the TsuM of one or more ^ole numbers if the ordsr ^ 
in vtfliich the nmbers^ are^ ' w (example r k ''^ k ^ ^ 

3 + 1^- 1 + 3 - 2 H- 2 - S +' 1 +^1 i 1 +,2 +'l ^'l + i;;4.'2 - 
Iv-f^l + 1 + 1 j:8.ways)" ; - ^ . ^ * % v ' 

a) In : b) how mai^ ways- .aanV you write vthese integrfre as a 
sum of one or more wholes numbers if 1 cannot be used? (Example 
'h'^i^k; ,2 + 2; 2 ways)., ETC/. - 



01^9. r in how many : way a/ a-E ^ n road with 2 x. 1-.; 

* ETC* ; NChiinge the i^oad tp iomefhlng movable so s^mametiy: 



must "be .conalderad fe.g. is equivalent to 



O5O, Miat ii the ma^imi^ number of identical no n- zero digits iri which a 
^ > square qan end? . 

: lie. : Cube^ fourth power. 

P51. . a) How many 'different ways can^you : color the = a) vertices . 

of a square with 2. colon b); faces of a. cube with 2 coloi's- 
c) vertices of a cube mth 2 colore? r 

-. - ' .' ? ^ - ? . ^ =. ■ . ■ . • ■ - ■ ■■ ^ . » ■ .. 

■ ■ — ^ ^ . - ^ ■ , i f ■ ■ r <T _ . . ..- . i ^ ^ ■ . - " ■ ■ ■ " ^ ' 

^ . _ , ^ " ■ . -" ^" - ' ' '' ' * ' . ■ i . = " = i 

GMffiKT: Good problem after diecussing Symmetry. ■ 1 . 

ETC. : Different, ghapes;, more colore. ' . , . - ' * ■ - 

^ . .. .. . . ^ - ■ . - f. f • 

052. - At a) tetrahedron , b) cube are * to be -colored so that no two ^ 
^ adjacent f^oes (sharing an a^e) have the eame , color i How 
many 'colore are required? ".. ' ' ^ ' ^ > 

ETC. : /<Bp.fferent shapes^ more colore. > ' ■ " 



053. How many different necklacee are there with .3 "^e^ beads and 
' ' . 7 blue beads? . ' - ^ ' ■■ - ; ^ ' 

; COlVMINTi Circi^ar eymmetry,. • " ^ , ; 

65^1-. ■ How - many equares are ^on a checkerboard? Generalise.' v / 

055. VJhat is the fewest number of line segmente neceseaiy to^ 
' 'construct a" flgmre (like a checkerboard) vrtiich hae . e^caetly 
- 100 squares? (18 segments determine ^*\eheekerboard. ) / 



Op6^. \ Find all -smys of -arrangiiig the^teh .diglta b^l^2>..;^:9 ' 
■ into a ten digit Integei* tmicli ±B di/v'lsitla e 

integers 2^3^4^ * **;,i^^l8 ^ " ■ - ; .;; . '-- 'r 



/b57;, . Find the ^lOlefet positive - Ititegar . n ^ .eo the proauet ' J; \ 

058 i - Using the digits ljkj6^J^9 3 fom a 3-digit integer and a 2^ 
digit integer ^^ose a) am b) difference .^e) product . 
- - - d) : ^mall as-^osslble*" 

.- - -ETC* ' -\ ■ ■ ' ■ ■ : . ^ ■ V v: ■ 



CQ^mip: More good skill practice , ^.yjaaculator to ohecSk 



.059 * Some ^.cr^tarithma 
: a) ABA b) DONALD 
JS' EOHEET 



D - 5 



a) HOCUS 
^. +POCUS 
. PBESTO 



d) ^abcd; 

DCBA 



; EOIQ ^ 
ICQ ' 

00060 



even 
^glt 
s ^ any odd 



g) ABCm 



L0t a^/^^ a^/ ...r 1^ by any rearrangement 'of 1^2^3^..1,^,^^n. : 
for which integeri n is the- product, (a^^ -l)(ag -2)(a^ -^3)>>;(a^^^ 
always even? " ^ " 



.0^.:V For wiich positive Irrtegers ■ n la 



^a) :i: +2: + 3i 
b) IJ.aj 3' 



+ n 



nl 



I Q 

a^. square? 



^^^^ 
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v^;;; 0^.,/ a) A pantoid^Q li a polygon formed by corinecting 5\unli: ' ; 

^ :r Bm^e$' &o joined flqngv-an eclge( e.g. CE yes^ no)? 

' ; . /■ Hov many pent'o^mlnos^ a there? Hqw: mar^^ of them fold 
, ^ , ' ihtd an: open box? ? \. I ^ . ■ ; " ^ \ , . - ^ 

'^3} ' Q, h^cm^no ±&' such.a polygon /compoied of 6 unit squares.; How / 
. , many hes^mnos aire there.?. How.mar^ of them:fold up .lnto..a.plosed 
; ■ V.b0c?.\ ■-"'■=■ ■ ^ v \ . ^ ^ , V " . /-^ /■ ^ 

' / 063v for s 2 -digit integer such as 35/ 11 Is bO.'^^b a factor of the 

, . \ sum of that Integer suid Its reversal^; (e,g> 11 Is a factor of ■ ' ' 

■ :^ - \ .\35 33';«88).. id' this fact t 0)^5/ ^; 

)-_^ ' Vdf^vS. e)n digit integers? \ ^ ■ . 



Fold a piede of paper twice tod cut off the folded corner, \ 
Hp^ many -hole^ are in/the mfoldad^^^ of paper? How iiany 

holes irtli ; there he if the papey ±3^ .folded a) 3. .^) ?) 5 
d) .n^ timasl :^ . ; \ 



CC^MNT: Physical ^model ia ^)prQprtate. 

065 V *Wnfl -hh^ AmRllts^t pn^ltiY^ -fntgg^-r j^^^^l^ :( Slm^taneOUsiy ) 

- has a remaiader of , n^l. when divl^^' hy , ; n ^ for • n ^ 2^ 3^^* * • 9^10 • 

066* Find a set of 5 positive integers so no suhset has a sum dl- 

^ " - yisihle by Do the ssro fo3r 6^7. .Generalize. . ■ 

067* Place the numbers ^ 1^2^ • * •#.8 into .th§ 8 circles so^fcat no^^. 

; ■ \ two. integers In consecutive order are joined by a line) segment. / 
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; Find the Bm^a for :^ich the itatementy ' 

^ " "In 'a^ Bet of n "^If fererit ' t^d digit integers , there are ^tW disjoj^t 
- . ^ stjasets iftiose elements have.the/afiunfi aim " is 'true, ' - . ^ r. ?v 

pS9*: a) How majny iierbes are at the^ eni of lOOpi ? . . ■ " ; 

, ..h) J^a/fc 1b the iast no^ / ' - 



070, 



Format Integers n ip (l»2»3» ? ..m)^^ n^ ? 



J3^1^.: For li; 2^ + 1 dlvlsMLe .hy.. 3t 



Qya* : What is the majcimu^ value, of ^ the area of m trtar^le InBcpribed 
- \ in a- paralleiograji of baBe: ^ 8 ana:helght 6 ? , 



Off3V ^ How m^^r a) ^ ■ h) 5Vc) 6 d) ri digit integers are there 
' / \^qse only digits are 1 and . 2 if both digits must QCtur 
at .ieast once# ,In eaeh caBej how many of; the Integeri are 
\ ; . dlvlsibie by 3t ETC. ^ . / ; _ \ ^ ■ ; 



Find the sua of -ali distlrio^ k digit Integers -s^ieh contain 
the Mglts 1) 2y 3^ ^75 I . mold mt' most bhoep ETC , 



1 foot 




y^^foot 




1/h foot 
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= Dlscoyer -^tfiat you. can aboirt this infinite tree* * ; - 

N ■people are standing In a^ field so ttiat^ mi two! people are ; . 
the same distance apart* " Bien eVei^bo^^ shoots his nearest 
■neighbor once. - ^ . ^ ' / [ 

a) For which JI. <*does. at least one "person Burirlve ^^ X^ t^ie 
\ ' people stand) ? . . * ' _ ^ - \. , : ' . / 

b) ; TOiat Is the mi^im™ nmbpr 6f bullets which can hit one person? 
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1 apple ' + 6 ^pluaa m 1 piaf 



3 apples + 1 pear = 10 pluma ; 

1 pear s". ? i^uma ". ■ ■ =^ 1:- 

07^. On a dlgital_3?B*tcli_s]amriLr^ hours and minutes^ how mtfly tljnea^. . 
: during a 12 hoio'^ period are at least two of the digits the same? 

079. a); lind W V ^ >^ XO 

h)- Wnd S - and ^ 

OSO./ MiJce a Square out of 20 triar^les shaped like ^ b. 

081, Bennies are arranged In a regular pattern; on a large tahie> ". 
* ■ : 9-) Suppose eaeh pennjr touGhei torn: other pennies^ . 

Supppse / each pe^^ touches; 6 other pennies* : 

■ , In each case find the percentage of the tabletop aovered "hy the pennies, 





o32, V Each successive sqjiare is fo'i^d by Joinlng^ the midpoints of 

the preyidus square. If the origin^ sqmre has *^slde length Ij 
find Me are,a ahd perimeter of the^ 20 th square* ETC* ! 
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■8g 



. "r eoi;avbedr=50 steps that f 6^3© ajomi the- escalator" said . = 
Amy . -^Sut I eoimted 75 stepa^ -thoijgh I Vas miking - three^tlmas 

. as fast "as you were" said Boh* If the eecalator TOre stopped 
how many steps wtiLd' he viiihle? \ / ^ V w 

What percentage of all power^lf / 2 ,%agln with/ 1 (a , g* 16^ V 
2mi)i : ■ ' ' ■ ^ . '/^ .>^^V ' .; ^ •/ ^ 

A ieoOTit^ gtMTd ^^i§- rtsppnitb threVr 
locations A^B^C*^ At what' point ; F should he stand so that 
;the largest of the -distajicei . FA^ EB^ PC J^s as small a^V.j^s^lhl 

■ . ^ ' ' '. ' . ' ■ '- 

Bjorn^ heat. JinLBy in a tennis set . 6-^3.» Five games were won, ' 
hy the player iAlq did not serve, ^ Who served "fir'fet? 

: What la the smallest percentage of the points ;the winner; of 
a te^lB. set can. win if the winner of ea^ game miist win at .= ^ 
least il- poiiits and "beat his pppohent by 2 points tod the winner 
of -a serfc must /win at least . 6 gajaies and beat his, opponent by i ' 
2 gajnss- • ' ' . : ' ' " ' ... 

Consider [1,2^3^ - — ^^ri] r ; ' 

a) Choose a^h^o at random A'om S with replacement/'' Find the 
prohabllity that* a a. b ^h. ^ v « 

b) Choose a^ h at random from S ^ith replacement* Find the- ^ 
probability that b ^.0 has real roots, . 

c) J3hoose a.b^c^d at random froaa S with replacement. Find the 

^^dlahillty that, the system, ax + by =^20 has a solution. ; 

/ . cx 4^ dy. « 35 . - . 

Suppoji^ a)2 .b)3 c)5 d)n. lines are 
drawn from each., vertex. Into* how many 
reglons»la the ti^iangie partitioned? ^ 




090. Giire^ if posw^^ ■ . ' 

■ ■ , -.(a). ; a proper ■ fraction greater '^^^^ T -'. " ' ' ' ' . ,"■ 

(b.) a polsmomlaX of degree 5^ w^^ ^- ' r ■, = : . , 

■ ■ (c):., a triangle one of whose alt itudBS. coincides • ' ■ ■ 

. V'*'^*'^ °^s :of its madianB. ■' ^ . ; ■ % ■ ' ' ' .■ v . ' 

" ■■ , the equatibri'.of a circle, which is, tangent to ■ . ■ v, ' 

■ ;■. . both. coordinate axes, ■ ■ ' . ■ • ■ 

• .(e).. . a rectangle -fftipse area Ip nimierically equal ' ' >/ ■ 
'■ , . ' ■ ."to. its .^perimiter. ■ ■. . ••; 

\ ' ,(f); two Teal- ntmbera a,b for wh a + b = a + .b. ' ; 

,(g)*. a rational function with two h^ ' 

C.OlfflfflllT: Good.way^ to test basic definitions and concepts in 
a,'way that the ^udent may n meinprized facts. 

' , ■■(h)., A right scalene .criLangle of area 4 . ■ . , , , ' 
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». Geae.raU^ speatiiagj; .an application pr^ilem li,^ In which you apply " ; / 
appropriate algorlthma to flad a solution* Ttm etrktegy fer^^lvln^ sueh. 
a prolrlOT; is pnmn e^dBrt j vthe main taifc, li to ,Gar^\6^^ tbe .oalciiatlonB^! / 
idTC the ^eq^uatlon^ ate. . ^niere mw:^ of*ttie open search p^obleM ^(and 
the mlseeilaneous prohlaM^lh the nert sectl^ 

sansa unlq^tie^ tha prohlMiB la this ieetlbn intandecL to toe prototypsi or. 

modalg "^^Ch yOU ca^ Aflftpt tn tfhiY^ yill frW-^jpA^ y^TT itudfintiiU 

In ordar to find data for "rail worl^'Vappllcatldns^ you may / 
consult mail "ordar catalogs^ almanacs^ . Qulness Book of World Re cor da 
arid othar slmlar aources/v are not numerous in this 

section (due larg^yrto igaee limitations) the follomng four tj^ea-— ' 
of appllcation prctole 



(1) 

(3) 



Interpreting and constructing t able s ^ graphs ^ chart s ^ etc , v ; 
Rrotiiems containing Insujfflcient or 'extrahebus data and/or 
problems .where the data mu^ students 
Decision making prohletasi a prohlem whiah asks the solTar to 
shobae froEd aiternata courses of /actlori ^ . ■ , / 

Simulation -prol^lems'; -^^ hooks (as- a random - = 

number tahle^.^ eomputera^vetc, y to Blmulate re^ w:orM""problems . 



Pil^ ^ Here is graph of ttie .helots of three" tribes^- - C. 



Number of 
adult ^ males 




^Height (in cm) ; / 

a) ■ Wiich tribe has largest population of adTd.t males? ' 

b) in whiph- tribe is thei average" hei^t the a) largest \. 

. b) amallest? ^ / - ' ^ J ' . - 

c) ' To* which ^t rib e does th^ b) emaliest^ male b^ong? 

d) [ In .^hlch tribe is the variation of heights the, a) greatest . 

smallest? ' : ' ■ ' ■ ■ .; ' 



Year. 



, A aew piece of etuiptaeriti <^stu cost ..for main- 

tenance :and repair are r, , ' [ i ■ ■* 



ooBt - 500 . ^ao ^ 940 nop 1200 143.0 ;.i9ao 2300 saoo 

^ = ii) / ^fcer, how /many years should this plece^ ,of equipment' - ; 
, replaced so ttie OTerage yea 
' ' : . operatia^ lt li mirdjaized? / 

tj) Suppose the lnfl.atidft rate ii 10^ per year^ f or the tib^ 
^ ~ lO yeijrs . ' ReeMstrSctTffiis table arid answer t^e^qtSlt&n ;^^^ 
' , % , in part (a) . . ^ * v , : ' 

A3. You g.re In change of hu^lng f Qod for the clasi ^^bnlc at: ^ 
/ - wh±Gh you are having .ham eandwiches * Each sandwlda will have , 
; 3. GTimoes of ham and you e^^ect ito need S5O iandwichei*, 'Boneleii 

-ham coats $1-89 per poimd and semi-hoiialesa (-Hblch Is SQ^- -'waBte " ) 
eoBta $1;53 per pound. Whieh type 'of hito\^ shota,d you huy ? - 
■ How jsuch of it? : 



COM&^ii 



110 Oil 

4 



4 



Deelsion problem- . ■ ■ 

Ak\ ' — ^ Here Is a store with a shopping a 

and sisc chedcouts. /Two ^ checkouts are 
, open. Roil a die to determine the 
: number of poeple who leave the shopping . 
area and go to-the eheckouts. Allow 1 
person at 'each che^out to finlsti after each toia of the die. What 
is the smallest number of checKouts -t&lch shoiAld be. open to 
avoid long lines? , " . / ; ■ 



erJc 



useful.' 



(1) Simulatidn problem to study que 



A5. How many pennies are In 
: (in Chicago)? 

^ ' ■ i d^ .. . ... 



a stack as tall^ as the Sears Tower 




theoiy (a) Computet 



a. 



fdraffl^O^i .(l)^/No;niamberiusedi.stud^ must.iook i^ height; of ' ' 
Sears Tower aiid decide i*feether. to measure 1 penny^ 10 pennies^" * 
.100 pennies^ etc. ^ / - 

,(2) CalciiLator uBefuL. . ■ \ > ; '- • •: -'^ . 



If pne millipn ; $1 hills ^^a^ end to, end^ how far TOuld 

they reacii? \ Hq^ many^ ^ "bills, would it vtaM to go aU tha w^ 
'feroi^d. the worid at; th equator; \ (BOfeejmi^ g^t wet) ' : / , 



( a ) At the ins tant -you - flhlih^ reading ttii is-^M s tlori^ - i5p5rorfjQately 
how" many aecondi have you ,heen ,^iva?, (b), How ^raajiy times, will * 
ybw heart heat i^^:iO ye^i?. T^ ; ; j = 

Some eacaidplei of Project Prohlems in ^Ich atudenti gather or 
supply their own data: _ " \ ; .-^ 

a) : ' How many . cows ^vvTo^d it tajtee to. supply tht school cafeteria 
mth milfc for one month? / . 

b ) How much dan you earn from a paper route , in orte year^? 

c) , : How mu^ would it cost to 'hi^s.at^fl Qpg^^^^ /a 5 year .old 
car for one year? ^ . - ' ■ ^ . 

d) - Hp^ much wpuid it cost for you and your f^ily tb take ft 
vacation to Disney T^rldf : ^ ^ 

e) Design. a parking lot for the neajrby grocery store, 
[t) How much^ would it . cost to wash all the windows in the Jea^s 
.Tower?- - . : '^ ■ ' > - ' ^^ ' 
/g) How many coli:mul Inches of your favorite newspaper would be ! 
needed to print' the entire tsDrt bf a tOTlcal :half^hour \ ' 
televlsio|i news shw?i V 

Find the hei^t of the flaglpole in the front of .the school in 
as many ."Wiiys. as possible* ' r / ' . ^ ; - 



(a) !Rir6. sideS 'Of a ^r^^ and 12- cm; 3Long^ - 

valuea. are poBsitila tpT the perimeter and . area of fee . triangle ? 
(t) The sides of' a quadrilateral have lengths 7 ^^8^ 10. ■ 

V/hat.v^uei are poialhle .for the area of the ^quadrllater^ - " 

. .SOMffiNT: . mie dati are InsTtfiUdlent to aetermina Va unlqufi answer. 
^ut= we should .ieek Bolytiong -tflildh inelude, all posaihle values^; 
Just say ."no.unigue solution", ' ' r ' ^ ; & 

One : of the most popular methods for estimating the size \ ^ ^ ^ 
^of a population (of . animals ^ say^c ±s the oaptmre - re ciapture ; - 
-ijfethod, ;A s^iple of the popvaatlon is ^apiffiered (si^ lOO)^" . 
toarfced .anid released* Later ,200 antoals w6re captiii'ed and I5 
iarked ones ware ifoutfC-:a^^^^^ reasonahle est^ate for 

the size of the population? h) How woijad you estimate the ajnoimt / 
,yof blood a mbnlcey has using a slmliaic procedure? ^i; : = 

\ The standard house: current is 120 volts/: Wusm or oircult • :/ ' 
- breakers ^ve used to keep; ^res . from heaomlng qvBrloaded- What. - 
-is the minimum resistaiice;'{ in the^ fbm of tQasters^ refrigerator 
etc, ) , that could he handled with a 20 amp fuse hefoa^e a fus^: wuld 
hlow out ? ^ ^ . . / = . ^ '/ . ■ '^ - j^ A 

COroENT: Ohm's La^ needed- an exMple of ednstinicting a ^rbbletti : 
based on fajnflLiar law^ fomulai etc,. - 

Your gas bill for last Janua^ was $6j .^k- fferAsS^S thousand: cuflbid. 
feet of natural gas- '$83.56 for 25,2 thousand G^ioAfeet^ ih^^^ 
January, a) What was the increase in the price per thousand. .. '; 
cubic feet^f natural gas ^ for the year? Miat percentage InereM^ ig 
The Utilities Comlssion allowed the Gas Company an 8^ increase 
during^ the year/. Jri addition 'the.y were a^owad. to "pass through": 
any ^additional gasoline costs ' they Aad, / u . . . 

b) ; What tos the increase per thousand ^cublc feet of this '■pas's- 
through" cost, -for the year? 



=*e) Suppose ttia 'Gai Company Is allo^Ad a; 9^ iri^reass "a "pass* 
tfei^ough'* costs increa© 37^ per thousand cubic . feet next yee^* 
How much will you pay for £9*3 thousatid cubic •feet of natural* 
gas neyt tJatiM^ry?, : . " — " ^ /' f - - ^ 



li;9": 



lO'S' 



YOU- have decided to carpat. or- tile tha 
i^lng- dining, area of your -hope, ^Die '' 
y ' caj*pet cornea on rolls 12 feet Mde and 
. tales 'corner in 42 ^iKic^ squtoes . 'How^ ^ - 
\ much of eacli material woid^d -you hu^ y 
How mary^ '^efet of cai^pet ? . How. many tiles ? 



COMffiOT : De ci sion-fflafil^ig prohlem - i^eel data , 



ffou &r.e-ln charge of refreshm games tMs /- 

yea?. Last year 13^5.93 people attended six home gaaes. atid .they 
sold 9/85!^ hot dagi^ ^62M hambtogers^ and 21^618 soft toirfcs, 
Ihli year the tedi Is better 'but there are only 5 home games ; Ihey 
eKpect a.;l5^ increase in ^attendahce at each home: game* Price;. ^; 
hlkes^^fcc^verj^ ^11= lower demand ;f or food^^b^^ f^T: ■How.^a^ . 
of each item should you qrdet fbr the first hQme\game?! . V 



painter i get ^aidvby^ the Job or* by ^Hto hour, , A painter -is .off eafed' 
the following alternatives* elthff. $300 glus ^ for eacJj tiottt* 
TOrKe(^ leffs than ij-0| or a straight .hourly wage of $8*50/ tinder . 
what conditions : should the painter choose' the hoiurly rate ? ^ 7 7 



A tailor has the following mater^ ^ ^ . * 

.11 sq^. yds., silltj.^ 13^34, yds, wool. - -^^ / * - .: \ *' v 
V . A. suit requires - S sg^, yds, cotton^ 1 .sa* ydA silfcj r sq/ydv wool 
, A gown.reqxdres - 1 sg^,' yd* cotton^ S^ aq, -yd^v;' silfc^.\.3 sq,. yds,; WOo: 
"A STrit s^lls for $30; a. .gown' for $30. How of each;. should ; ^ 

he make?- ■ ' " , • ' - '"^ = ■ ' - - .= ■. - ■ > -^^^^V ' S 



V ■ -:V" 

' 4 - f .'■ 




.Ai9* / ^Mddern airplanes 'a!re eqm^ped with, toan^ponder^' teibh bJ^^Bw^ . ^ i;;'?^' k ' ■ " 

' ' ^ Air Tl^afflc Controllers to- teU which airplane mifeeS given tlit)- • 

■ V ^ :'. " • , ^- ' ^ ' . ■ . e .V • - *'--^^= * .^v •'^•■ 

^^ ;. "pn tile screen. -Die transponderi /hh^ ealiprated flrom 0 y ' *V:H 

■ to 7 and th^ controller asks ea& pilot to^et^J is tranapbnd^f ^ ■ 

to a ^glvea^-dlgi^ nmber*^,; How. many (Afferent jiransp settings^ 

' . 'vAre there t ^ppMe/ttie^ controller .lises the Sl:pt: 41glt/^;: . : Al/ 

indieate direetlAn eg-i ^ m^aans 1 .mems sbuthwe&t^ ^etc, \/ 

. Ho'rf many ' plane a c^n hp asiigned' distinot settinga ? ' ' . v - - 



In .book 'publishii& it^ i^s /QpnMion' to print several pf^iii, on ,a large 



sheet and theh*-f*old j^e sheet In^^subh a- i&/ay it ejLn he -^rimtoad- 
and atitched'to give ^a book/ ' mer$* ar^ 

'pagea Cll leaves)/ folds). v. Ho^ sho^d the Ja^es he .prin'Ced 
'on the sheet of paper 'so.. they wlll^^f In ^ cOTrect orde^ ande;r||,eihg 
the right '^en> they are omt and ^stlt died?. ^ : 



A2i, Get a road map. for ^the easterft\IJ,Sp."'^^Wiat .is yoto^heit = f oute 



froin Cleveli 




to at. LOT^S? 



,A roll ;of,,<^^fil4p% is 20 i/S-inches mde > . p ^ 

How many rolls of /^tellpaper woiLd you. need to -papar a room which., 
-is 9'6.-'^wide> ia;*5";lpng and .3 '6''' hlg^ 

I+'- high;; has B door. %lchv li 3 '1^" Mde; and'lias two- 

^pdo>^ ^ici are 5 *a^^ high- and 3 '3*' (n^te : 

X feet and -y inches) . : 



x*y** meattB^^ 



I - 

ERLC 



A23, A pendulrai on^^ a clodk should: s^ng once eyfery 3 seconds but it 
* doesn't £ ^ It sm^r^s 302 times when ^ it shauld. swing. 3OO, How 
much "time does -the clocK gain in one month?? ' ^ v J ' ^ 



Sufaer Saver fares offered by most airli'^&: say that yqu save UO^ 
on. a long trip, if ydU my Monday- mi'ursdly;' gfi^^^^ you fly Brid^-. 
: Sunday/ fiie usual rfeimd ^rip ' fare. ^Kom dleveland to, San Francisco 
1^ $582.ra) What is the 'Super^Saver fara on Sati^day^ 
rate::? increa;se g^ .'hext months what 'will a Super-Saver ticket 
to .leave on ^ ^ua'sday jrioat?'' ; ■ \ , ' ' ' . ^ . 



■9 



u 



The inflatibn rate was 9-4^ afld. 12:.3^Mn tms; recent" years *^ a)" :\ 
ff an Item- cost $100' two'^ears ago^ what ldo^g' it cost , now? 
"b) . If . the inflation, rate remains' -at 12 • 3^ p^ar ;year^ how^longV 
-will it take prices- to. double? j^- - - ^ / , = , - . = " - ' 

If any Item 1^ on sale., for 20^ ofT^ most . sales paople.^ tH.ll fii^st 
de.duGt 20^ of the, price and then add . the . applicable sales ta^. ^ ^ 
(pay ^^)- The -p^es clerk could first add the sales tax^and 
then deduct .20^ of ..the total i . :Which method." would you prefer 
if you were the a) consmer^. h)" merchant^ ^ e) ta^ collector? Why? 

. . . - - ..- ■ ■ ■ . ^ . : . y ■■ ^ . . ^ ■ . " ^ 

A car depreciates. 30^ the M^rst* year^ l8^ the second year^ 13^ 
tha third' year and IS^ the fourth 3^ar* How long'^oes it take 
to lose ha^f Ita value? ' . , 

qieveland^has a popuLatidn of 69^^750, Of /these ^68^ ai's qualified 
to^.v©te^ :' 6l^ of the iqualified^ i^otgts ware registered and 53^ 
of tbose registered voted in .the last : election*. How many people 
voted in the last election? . _ ^ - , . . 

,anie price Of hamburger was v $1,49 : per pound ^in Septembir .. It - 
rose Ut^ in October and "dropps'd' 11^ in November* What was the 
price par. pound at the. end of November? J = . - 

How long would It take to spread.a rimor ^disease) in a^town of . 
SO^OOp If each person who hears it tells 3 others within I5. . 
minutes?- ■ ^f. , / ^ ' ■ 

6-lane track for rimning foot rac^es is 
tfn, the; shp,pe of a . rectangle whose length 
is 1*5 times Its width with a-; semi -circle^ 
on each end. Each lane is to be 1 meter, 
wide* What is' the length and width 
of a^ rectangle if inside track is to be I506 meters long? 
For, a 1500 meter race^ the irislde* r^ner.^wot^d start at the finish 
line. : Where whould the runners In th^ other 5. lanes'* sta,r^ 





A32,v... .The B; 



ilgto^ Co3;iWf m^HSs '20j 000 seati S^BOO raiervedAseats -V/"' 
'SJid 12j000 genpral admiagion /seats t / Raserved ^aata .cm* $10*00'i^:'^yf ' 
eaeh whils-^^general -atolesioA seirfcs /cost $5.00 each,' Eie newes.t' ■7-7 ■ 



rook 



Lp, . sensation - SMOOCH ' is giving a/ conci 



there 




'promQ^er^ estimates his^e^enses for ushers^ prbgrfips^ janit^riai ..fc^^v 

' B^^QB^ et 

^e"ach/ ticket sold plus $^0^000^ how many reseryed aests. ^^i^im -^yf'^yj'^^^: 
^eli to teea^ 'fven?" -to m profit of $5Q^OpO^- " ' /^-^S^l^'^r'" '"^^""^"*' 



AS?* Dm^ing the*/first three years of groTrth a. tree-sgrows orsfliy 'its 
— ^ :tri^#-^ Durlne the ,4th yeai the trurdc divides and grows ^dnto 
' " . tTO main pranahas. ' , Dinging the 5*^^ yfear and" evpry yaayJ'&ereajH;^j; 
it.groTO/two new "branches on; each old ^hrginch.^ Hoir .mirr^,-^new,' 
■ ' Dranehes/ are grown during the 8th; year? .TOiat i? the. ^total^ri&mtier 
,of bran^lies on the tree at the end. of the Sth '^ear?/ 
^ - ^ t = - / :r - ; : = \ " 
A34.' A tire/ has 'an 'outside diameter of 28 laches, J^en :^hjS ra^^ 
tlie tire is decreased 1/4 inch due to /wear j how= miuniy^^Qrt 



- A35- 



revo^uatiom per mile does -the 



tire malce?l 




A ^jisline ©f f er$ .t%o pg^ckage s'pi^ices * ^ O^e lengtti^;A'wldthj. vand ^ 

hel/ght 'Sent the orfiinaa^ way miigt add up to l^l' lri'^es ypr I'p 

and "the longest measurement^GTOnot exceed 60 ^1nche|^ A^p^^ 

s^nt by "next' hus 'out" service must be 2V'' k/2U'}^' K^h^^^^ Ibbb,. 

I) ;V^t is the largest possible volinne^of a package /senf. in 

bhe brdiimry way?. ' , - ■ : 

It} \Hbw many times larger Is this box tharf the' largea^' one ^ich 
^ : r ^ ' .. .. / ^ • " ■ ' I, . \\ I - " ■ " 

an tie sent by "nert Bus out^ service? ; ! 



A34* In 1979^ Bell Telephone chtoged 50# for the. fiTst/mlnute and 34#^- 
for each additional jninute for a 'weekday .direct cTlal call^ frori;/ 
Cleveland to ^^Atlapt a ^ . / ^ . ^' ;^ 

a) How ibng can. you talk for. $10? :/ V //. ' ' ' 

b) .From 5pm.- 11 pm^ there is a 35^ disqpunt. y| ^ow long can y©uL, 



talk :^r' $10?^ 



■ ■ / . , 



c; On Saturday^ ttiere is a discount. -'Hfa^ :i©ng can yo $10? 



Q 



Oie U.S. Postal Regulation state that the length pliis -phe . 
girth kf a paek^e c^inot 4xceed 100 Inches. TOiat is the latest 
paotage; you could send^^fey^ pWcel pos^ . - . .^ 



miat/are toe dimensidns: of the smallest rectar^ylari.^^ 
can /be out- to mate a 'book cover for your :math;;^ok ^liich ^ is- 
2.5/ cm thlok^ 21 cm tall/ 26 cm. long ana::a" 6 ^ ;overiap ^side 
the book? ; ■ -■ ' ■ . ' 



■ LiQenie plates In Ohio bonsist of .three letters f oUq^d TDjr :^ ; : 

- I . . - ■ . * . ' ■ ^ - ^ i ' ' ' * _ _ u ■_ - ^ ^ ^ . 

three' ' digits ; How^ mp^ny ^ different ;iicens.e .plates can ,:be mada ? 

/ ■" ■ . - . ^ 

^Baskih-RobblM Ice-Cream advertises 31 ELaYO]?i,^ How manr different 
a) single- h) doume c) triple dip cones. ca:i be made? : \ ■ 



' How^ mneh" string^does it^ tato tci^ a)' stitch a. baseball b); string 
'a v?ooden tennis racket? , . ^ " 



' Fln^ the volme of a footbril; mthoutmuslng TOter dls 
* Check yoiar answer. , ; , ^ • ^ \ : 



A ladder Is leajilng against a bullding^ yj feet from the base , ^ 
If tfte top of totf -ladder slips k feet 9x3™, then the-foot of :^ \ ^ 
the ladder slides how far? _ ' : V 

_ ; ■ / ■\ ^ . " ■ ■ : ^ . : ' ■ ■ . . ■• ^ 

YOU 'receive a chain letter, ^th 1; 5 names on it . You are to 
-sead $1 to tto person at th# top of tte^^ cross his name , 

out , and place at the 'bottom of the list V YP^ '"tft®ii ^ 

send 5 copies of!. this letter to friends .-^th the same instructions. 
How jmich i^ney will ypu ultvnately receive? , " ^ 



'Oh a eriU. lAii^ holds '2' st^el^^. how long, wduld it .take to 
cook 3 steafcs 20 minutes - IQ mAutei/on a -side? . ' . - \ t 



On a IPQ jn^e trip^/you averaged 30 mph going aftd hO mph.T 
retijirnlng.^ "What was your average speed for^ the entire trip? 

A security .gimrd is responsible for ^3 locations. B> .C. . He, 
wants to place "hlmsel^f at a point ' P id ^ the -largest of , the . 
three distances' PA^ PB^ PG is as smril as poisible? 

,mat is; the largest (area) rectangle 
you coiid &1±6b djOTn toe corridor^ V 
around the corner and' then dOTn the 
3V other corridor?^ " / ^ 



C02^NT:^ Model fi:u-nitOTe momng - eq.sy cae^ of Sofa; Prohl^. 



Suppose a 3OQO foot Ic^ railroad rail Is aolidly^ anchored ^at . 

, / ' hoth ends (with no: e^^ansion Joints), 

^When it is very hot ^t escpffiTds by 2 ■ 
feet,. How far off the * "groimd" does 
the rail get? ; _ ; 



50a2 



COMSlTr Guess first 




Find the volume cOEmion. ta th^ three 
pipes of radius a cm if their asces p 
sjrametry mAv^J^ psrpendi^cular . 



CO^^ffiNIi Calculus mmeceBsary- 



mere should you' sit ir'a/theatre to get the best viiw? 



%31 



Eiree /soldiers are 6 miles from their barracks. .It is 9:10 ^ 
jfin and they must' "be the^e "by 10 pm. On foot they can- cover the 
• distance in 1 l/S hours, " One has a hicyele\%hiich can cover the 
' ■ diitance in !/& hour*-^ OSie hicycle' eaiarca^ry 2 people. ^ Can they 
' 'make it?" How^ or vrtiy not? ^ • . ' ^ ^ ' 



A55- 



Oie, Nation^ Secwity^C^eil of ^J^eedpnia has 5. members. Die 
defense documents are i a eafe.. Hot many locks mu^t the iaf e' have 
and ho^ should the key f e aHocatBd sb any^ ^jority can open ^he 
'safe' hut any minority carmo'li? : _ 



t 



. r 



^2 



- ^ ^ ^ ^ T " • / ; V -'df 

Tlie miscellanadua 'problems of this section consist of puzzles, 
physieal problems^', some problems which could have baen classif ied as open " 
sear^ pro'^lemSj and even a few. game a i , ' / ■ 

^ m . "^^at. is the length of the shortest ■'sepient'! of miit 
.- ' Rq^iiAr^R f ), f 1'^* I 1 .1 wHl-d^. canvbe foldad up into a cube? 

M3*\ Tvfq riders on bioyeles) »2Q0 miles apart^ begin ridiiig toward ^ . 
ea'c^ other at the sams tim-s. TtiB first eyclist traYel.s at ; r 

- f » lO'mphj the second at IJl^ph. A fly- begins fl3ring between the 
' ' bicycles at the . same tme^ starting from the front ^eel of 

' -V Jthe slower. bicycle. If the TLy travels at 20 mph flying * 

. back and forth between the bicycles^, hqw^far will the fly 

^ * - - ■ . ^ " I . . ■ 

travalA before the hiqycles meet? . / ^ ' r 

■ = . • . = = . . : . : , / = ■ - . ^ . / 

■ ' - \ ■ ■ ■ ^ . ^ ^ ^ . . 

M3. 'I^ am, thinking of an integepr between . 1 and lOOT; What . 

, - A . the'maxlniim number of qtiestion^ you need to ask me to 

- ' - determine my nimber?. \ Z may answar any^ q^uestion only ^-yes" 
^ ^ . or ^ no» 

V* M^^- You are standing, at aome point on the earth (assmiad. apherical) 

' ^; ^You walk 10 miles south) 10 miles east *^nd ^ 10 ■ miles north" 

^ and raturn to the point from which you started** At whg^t pbint(s) 

' Qh the earth couO-S. you be? » . . ^ 

M5. . Malsa ItiO. using the' aigits 1,2^ .', . , 9 in 'as many; wajr^as .you,, , 
' ' / can using any arlthmatie opergctlons you wlsli. ' (Exaniple': 
* " 1 +'12 3 + 1)-- + 5 +.6 + 7 + 8 % B 3 l00| 123 - ^5 -"67 + 8p =. 100) 
■ . ' , ■ ■ ■'^ ' ' ' - ■ yi'- , ' ^ 

- ■ .... U : . * ■ * . . - ■ . . -.\ : . '.. .... .. 

. \ CQM^NTr ffliere are many puzzles of this klnd^ ' a 'classie being' 

the Jour Ij^' s pUEEle, ^ Restricting yourself to ooLy addition^ ^ 

' _ - ^« - - - ' , ^ ' ' ' 

and pubtrabtlon in this puzzle is diallenging. , 



Mo* Find all arrangement'i o^^ k . point's^in the plane so* that 
at most, two dlltlnct lengths are detemiMd. 

MJs, What Is the suoa of a^/ the digits/use^; in ^itlng 6am. atl 
^e intsgeri ftrom'l to I billion (ihQlusive) " - ' 

U&M \ ; Tvrcr ferry "boats go 'baek. and forth adrosi, a ri|^r 'with * 
; constant, speed, /^Siey leave opjoslte ehorf s- a-t^tiae same 
instant^ meet fc/r tte . first, tme '7OO vfe^t ihorSj 
qontinua on their .TOy to. the hartfcs^ return ap^ meet, for a . 



, sedond^; time 4-00 feet f rom the op^slte shore. Eaw wide 

■ . i^ the river?. : ^; _ , . ^ ^ 

: M9* / If 3nDU f pld a pieee of p^er .003 cm thl^ JO'tlmea; eaeh ^ 
. doubling the thinness each time^ how thiek is the 'folded' 

c GOlteffiMT:. In tiying to fold a piece of paper ^ one ^flnds you/ 

■ can-keep douhling the thldtnbss a masmm of 7 times, . . \ . 

■- ; , . ' ^ \ _ ' _ ■ . ; ^ ^ ^ ' ^ " 

MO. ^ rForm equilateral triangles with. 6 toothpicka/of^ equal length,- 

^ -/ ■ * " ^ " ^ ■ ■ ■ = ■ ' ^ = " - = ■ ^ / 

Mil. ^ Take 'a single strip of paper bA& fold It.cd. tnal^ a regior]^ in the 
/ "siiapf..o£-m>regular pentagon, ETCi -Many, fiaper^ fdid4ng prbblems 

MI2, - ■ Describe the shape of the solid foriKjd hy revol^ving a cube / 

* about one of Its diagonals,^ ; . •• ' ' • ■ • . ' , 



^CL3,' Remb\^e>the two opposite comer squares of. a cheG^erhoard. Can:. 



:/^/ yoii coy^r the remaining 62 squares with 31 3^ domlnQes? Wiat 
' ; / / ^ if you rem^p one black square ajad one ^ite square from '^ny- 
■ -b., \ i^ere on tne cheekerbc^d. Cm yo'y: coTrer the remaining'^ ^ - \ 
squares with 31 dominoes? ' . ^ . . ' 



0 
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llCi: Do iiim resuitB diMige if , a differahtxsise " c^pckejj- 
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Place 5 Jennie B on ''board" ^ao 

that nb a pannlei M»a iii the/aaife^. 
row^ In the sa^ GOlTOn> or iiong 
the safls aiagdnalt ; " ; ^ " 



' ETC', r Hw ^aaay ;imys j^an Itf:; Wtot hajpeM :wlth iMger 

"lOl^^»>:?$^;Hq^ maiy; gQmgs:^ are^ playefl' In ■ -a) alngle ■ .^X.do\Alef elJUalnatibn ^ 

^l6*^^i^pifce■ 3 a) 11 h) 10 p^milei* ./Gaol you plaoe^ 

; ait5o in eac^ cup? ' ^/^l^ 



ETC* V^^- Sb#'iSariy^way Use more pennlea? 



LOUISA 
ISAEEL 



It la .eaBy*tO iput:i^oh nayne tn:W" / ' / ' [ 

^^parate "ccra^ar^gi^^ uili]^^ 3^^^ ^ 

a line under^ ea£rh;%km^*;7 GaSp do It: wjth 2 llnas i 



jag. 



ETC* r Can you eonatruet a slmllap jus^le? Hqw^ flibbut fine with 8 -ituBB— 
7 lines is easy ^ but can you d^ it^ with 4 lines? ; , . . 

What la the imailQ.at pleee; of iguana paper "which WJi .'eoB^l^tely = , 

coyer the , iwface 'of wa unit ^0 . ^ ; ; 

Place . : identical Coie Tbottlea on ^a tahletop, ao the diatanee - 
hetween ai^ two moutha la 'the . aaM , , ^ : 



liEO*^/ A penny alie circular ^ole Is out in a piece of pappri . CW 
you get a quarter-' throi^L the hole wlthoirt tearing the paper? 



ERIC 



Do ea^ of l^he fbilOTiig iJi qrOmtx TsiLB yom^ age^ 2) < 
\ jaulMpiy by 5; 3) Add 25. ' i^)! Multiply -fey S ;*5) .Add the . 
" /' nmber of brottiera and patera you have 6). SiflDtract 5O* 
. T^hat. la thar signlJl.fianca of your reault? Wiy? Does thla- 
- puzzle wbri^ i^r Pf all ^6 a; and 'all ti^ibera ^of ■ 

bTOthera arid aiateriJf -^^-^^^^^^^^^^ 



0(MdMffl:;:> Ehere are many of these "T^e-a^nmher" puzEles 
^Jch atfe uaually haaed on aigeb»a^ catioeniatlQn 0^4^ 



place 



nimber ^yatem* 



Itou enter; a store and ':Spand- half your money. When you come . 
out you find you have J uat as marQr cents aa you had ' dollars ,. 
going In^ hut J u^t half a^ma^ dolla^B aa you had cent a ^ 
/going Ih^ ;;^ How mu^ mon^ did. :yott- have 'rtien ypu^entdl'ed. . • 
the atore# ■ v:-:;;/^ ^ . \ ^ ; ' \' ■ \ 

A fWand told mf : t^ hla father/ died :refeently^ 

at an /age "ytoicji'waa l/sg 6f the year* of Wis ' hlrth. Em old 
waa hia^ather in 1970? . ^ 



5v 



you draw a hopscoti^ ^'^.oard" .wi'tti one oontlnuoua 
stxpksi ao yjbur / pencil never - iea^ ttie paper Md you 
never go alpiig the ame line twice,? . - • 




A tfel0phone can Interi'upta you as . you a:re dealiiig a hrldge' 



hand* When ybu re 



no one rmiemhera 



How. can you complete/ lie deal coraebtiy .^^thpu^ eomting the 
nutoer . of cards in aay hand?/ . . ' . -^--^ --.^^.^^r^:'^' - 

iafce any/three digit integer, (aay 638)^; reverse the digits . , . . . 

and find the ' riori-? negative diffetenee (836-638 = 198)^ reverae 

the digits &d adi^ 891 = io89). - (if - a digit ^^renpe 



er|c . 



li attained^ insert a ' 0 before reversing the. digits and 
adding.) Vfliat values^ are passible for the final" sum? 



ETC*: Iry It for i|-^5^6^..- digit Integers. 



Glven.tha four digits >2/3j3^8 ' ^raj^e them to €o^ the 
V ; largest r sniallei't (2358) p'oa^ble integers. ^ Now 

comput^the difference (8532 -235BagL7,i^). Repea the prpcess: 
76^1^1467=6^74 # . We stop since to got the same niMber twice / 
. If -we laa&e other choice^ for the ll^ ^gitsymthi'what digit * 
V integers can this process stop.?. , . ^ * 



MSB. , gegln^idth vahjr positiTO integei^ say 106^ and detemine the 
. - am of the squares of ' the digits* - 37* Repeat witl^Vea^ suc-^ 
ceedlng. integer to obtain the sequence ;1Q6j37j58j89,45j 



Ti^ some other example^ * Do you notice ^ any 



^patterns in the sequences bbtained? / . . 

^.r - . ...... " . . -pi, = . . ■- - ' . ^ / 

. . .. . L.^.. _ .'. ■_ „ . ... 

M29- What shapes ' can be used to mafce a square shadow. on .a 'wall mth 
vA^, a candle or flashlig^? " ■ , 



M30 




TOiat fiLat -shape can be ,^^Mled up * 
to maikev thi8 ^^''"^gii.8s"? " . ^ ■ ^ / 



M31.^^'^' How c^uld you meaaure l/2 glass (cylindrical). of water using 
. : - no/ measuring instruments?- ^ ■ ^. - , 

M32* - : / . ; . - . K a heavy log is' ^ .. . 

being moved by rolling' it on t^ 
■ cylinders* If the clremrtferehce 



0.00 o"oO 



of each cylinder is 6 feet^ how fw* ^will the "log mwe f or 
eadh revoiutiQft of the Grinders? |: ; ' " 




The top and 'bqttorii view of /a .iblid .^ ^V,V ' " 
/is ehbwn.- " te its ^l&^ vtm^P'^'^' ?'/^ '^- ' :V 



Sujppoee the su^ ii' directly 'overhead, ^Hdw. should ypy^hold f.' 
rect^gular loox over,, a ^brlzontal' table * so Its shadow has 



M35* Two people alternately Jlap^^ overlap) jon^ \ 

^ ja tabletpp, Th% ^sj^on to pl^icevi the .last penny on the table 
18' the '5d:nrier. Is Inhere a inning strategy for = either plp^ye^^ 

;-::;;r: . v;:, j,^- : ':- -y-y: 4i 

* ^ C(MffiNT: /How: does the :'she^..Qf^ table inffluenog, the /"^ ^ 

^ l '^^ : strategies 7 - ' :^ / /-i^- / ^'^ ; . ^ ^ .^/^V^""^^ 



;Ei6re are n\ e^eokera 'on a table** . ^ro players . alt^MBkfysl^ 
remove .an :.odd^ ntm&^r/of e^ (less ; t^aa.: lb);,i > _ */w, 

irtmier 4^: the .one/trtio r^onres/ the la^t ^e^er*. ; ,F-pr ■ -wtoafe - 
valt:ies ;.of^^ /mil the. Wrst; p3^ayer wiii?,;. ^ ^. / 



M37 * Two jlayeire/giteTO chdose one of the; iritege^t^ i;,2^; or; 

■ ' , ,-3 ijad keep: trade 0f v'^g cifimiLatfve: sw^* ^e first person.; 
v ^:: J to reax^h- aT^25. b) -28 #ie: ^iTOsr . ' Is tHere:ja^ wlftiiitig^ 
. . ; strategy: i^r either player" &r :#ltheS^ * . . 



I^S, . Consider the sequenee i^2^3. ^19,20. Two players take . K> 
tiirne^iacing a . + or - : ;S^ign . in front of one of the nimbars,; :. 
'Artsi aJLL 20^gns^ 

a;bsoliite valtia^" <^ sum^ Find the' be stra€egiei^,^or; ;both 
players* :How mudh .can th^: second piayar expee to win? ^ 7 * . < 



^39/-^ to 8^ plece^of paper is jEbldeff so that ^twd- .^^^ 

. ' ' diagonally, opposite. ^ vertices coincide, vVOiat Is the Cength \ 
' of: the fold line? ^ - ^ ' \ ^ ' = . ^ 
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You purcJiasad iome one cent st^ps^ 3/14^ as many 2^ st^ps^ 
' T _ 3^k as many 5^ ^ stamps as. 2^^ stm^ 8^ stamps. 

y You'pajr for them ^th a single bill aid receiye no diange* 
How msmy stamps of eadi kind did you tuy? 

At wh^t times during a 12 hoiir period is 'the minute hand 
of the clock directly oyer ^e hoiir Jiaji^? 

ITC* : ^en are the hour h^d and minute h^d opposite^ 
perpendicular? 



Uk2^ . »JIow maby ping por^ hrils mil it take to fiU up your 
c liseroom? 



COMMIT: Good prohlem to introduce vol^e. Easy to esti- 
mate J but q^ere pa^^ing is a complicated problem. 



M43* Yeu a» one-foiirth of the way across a railway bridge irtien you 
see a train an6 hrldge length away, ^ich way should you run? 

Mtt/' /\ * 4ABC is equilateral. l5nd its area. 





I'iic aqiAares sj^e cuxj^ruint, ■ 0 is 
the canter uf tLe left square- Find 

all possible values for the shaded 

area.. 



M46, CumpuLe the Sh^^ded area; 



Ukf \ a) /^'^'^'S^ Find two line segments parallel 





to the base which will divide the tri= 
angle into three regions of equal 
aj'ea. 



Fii;d two line segments emanating 
tvom' one vertex which divider 
the parallelogrM into three 
regions of equal area* 



, ETC* I Other shapes; more lines, 



UkQ. A a) triangular pyrMiid b) cube Xb cut by a plam^* Wiat 
different figuree can be fomad? 



GOfM^T: 1) Re^fcrase as cuttir^ a cheede etc. if you wish* 
2) L«ads into the conic sections . 

M^9* -How many wayg cstn ytpu ma^e a (ageumiiig the numbers on tha 

opposite facee add.^^ 7)'! How many ways if they need not add to 7? 

M5O* Given two punitive iiit^^erg m aixd n ^ ^rtiat la the largfeat 
value of the smaller of the twu aLcubdrs n V 

COMNEM': Calculator useful. 



CalculaLe^ J 2 + J 2 ^ 



Is it po^^ible to "load" two dice (each one may be "loaded" 
differently)^ so that the eleven BxmB 2^3/^, ^ * ^ ,12 are equally 
likely to occur When the dice are toased? 




FUO 



I^3« A cliff is 300 m M^^l Consider two free falling raindrops 

' ' . - . . .. . . . . . ,- . . . _ . . . ^ 

such' that the' second leaves, the top of the cliff after the first 

one has fallen *001 mm. l^at id the distance between them 

the instant the first. one hits the ground? 



COMMENT: 1) Ne^d fomula 
to gUfSB first. 
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0 Encourage student 



M5^, a) TaJce any two Integers^ say k ajid 9.^ and fom the seq^nce 
pf elevei^ Integers ' k,9,^3fQQ^'33,3Xf^^3 330^ Show that the 
sian of these teMis' is always eleven times the seventh tem. 
b) Suppose the seq^nce continues. Form the quotients 
13/9^ 22/13^... . What is the limiting valiie of the quotients? 



CONMNT: l)(a) M^es a nice piizzle in that ^teacher can 
walk aroujid the room and tell students their sum before they 
are finished writing down all the teiips . (2)(b) Calculator 
useful. ^ (3) ^eie are only two of mai^ problems goncerning 
Fibonacci sequences and the golden ratio. 




i>escrib^^ ..tfke tuh^ ujL' aun^itruui 
a solid whicti trlis aiiiigly tbrOii^sh 
eadi of the^tf ''holea'^ What la LU%^ 
yulijiiie u£ the i^uiid? 



chewKeibueird with ^leuas tthu^,sa ilkc^ +■ |„rL J ? 



b A b U Wl Li. i A 4, it U i,Li..lx..._ 

i* 

M58. A pilot starts 'fl.^ln^ diie xiurthaaat Trum uia^ point Ui^ 
equator. V^at are possible destinatlona for his mght? 




If the length uf churd i 1^ lu 
units ^ find the shaded area. 



fkl 



M60. a) V^at is the largeat svm of money in ooins .(half-- dollar . 

' ies%j you'couia have and^be mable to mke cfiange for a dollar^ 

a half-dollajr, a qua^ter^ a dime, or a nlcHel?^ ^ * 

h) In . how mar^ wa^s can you maie change for a dollar? , * 
* . ' ' ' ' ■ 

M61. Auguatua de' Morgan claimed he mi years 'ol4 in the year 
X . He died in I07I. Wien was he born? Can ar^rone living 
in the tvreilt^taih centiny maKe that claim? ETC • * 



M62* 




What are the dimensions of the" largest 

rectajigular* package which^ can be 

tied as shown with 12 M^et stplng? 

Neglect aay knote^ ©tfi. 

f 



\ \ 



Cutting along the llnes^ what is the 
^west number of squares into ^ictf 
this 13x13 .sqiiare CM be dissected? , 
.(l3rtj.pquare with l69 unit squares) 

Fold a ractajigulai^ piece of paper 
«f so that corner P lies on side AC, 

What i^ "the shuitest po^i3i"ble 
length for the crease? 



Prtep^i'esd by 'jjliuxiiaa Butts'^ d/bu 
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Teaching Problem Solving A Tough 
" ' ■ but Rewprding Assignment . 

A dedicated and able teacher committed to improving his or her students' 
problem solving abilities is fartng ah uphill struggle. Although maViy educa= 
tors agree that the ability to solve problems is the major justification for 
mathematics, relatively little has beep done in the past three decades Co 
make substantial improvements. Individual teachers have been concerned and 
some have accomplished a lot with their students, ^ But national efforts have 
been les's than substantial. However, it appears that mathematics educationN 
is on the threshold of a new frontier* We have seen a revo lot^ ^ in the 1960"s 
place emphasis on the "why" of ma thema t ics-=unders tand ings . Before 1950 and 
again recehtly In 1975-^80 an emphasiH was placed on skill learn Ing -'("Back to 
the Basics'')^ Now "basic" is acquiring a new definition and many bt uh expect 
a new em.phasivs - on pro blem solving . i ' - ^ . " 

But students are in classrooms now* . ^Many teachers do not want to wait 
f ive^ or >ten years fo^ instructional packagfes aimed at problem ^ solv ing Wftat 
can a teacher do? ' ^ . ' ^ _ 

Commi tmen t 

wj-Lh SO many uth^t endfeavura* a sense ut iCumpaCj^uL is th^^_f In^L 
priurlLy in ih^ Ct-acUin^ ot ptubl^ni jsulving. Su^li a comm^^eiTL involve.^ time 
and tlexibilily a.^ crucial I rcit_LutcT. r^acht^i ii ^ t t ' L y p i C a 1 1 y vei v bu^y,^ auj 
tLiidirig L im^ tu take on additional l t^ripuns i b 1 1 1 L i*^.^ iiuL easy. A ft^w feit^hyul 
.^sVHEenis pruvidt_: ' devtj Iu|Mnt;iit ^talitfS ' tui Lfeaclict^s. yontetlmtfis ut 
Lc.u;ht;L-i can Lt.H-cjivr ut patLi^l ..iiuj^utL dULiug thd siiluUieL tui a ^jj^t^t^l-i 

^jrijjucLj .-julIi a-? dcVt. ^ i [jluL. Ittm riulwiu^ 1 Ub i tiitj L i una 1 tiuiL^i. Muic wlLcjn^ 
the exLta tiiiit: for a nii>d_i f Luatiun ut ihe uutriculuni it? aiuiply .lionitiUiiii^ a 
Leachel" dueri ! ll^c^ iuiird Ll) ?L-.dy wtieTy: t fie Llnic: COrnej^ trom buC Lfic: ]ub gtsL^s 

Another d;fficu.lLy is finding time in Liie coursfe currlcuiiim lu aUil nunia-- 
thiriH nyw-==like probleui HQlving. Uver a ptL'iod ut niurfe tiian thtee tfiuu.^and 
years maL[fematics CuntenC has ^ruwn. Mute and mure uf LhiH con tent has' been 
placed on' pre--college learning and seldom" duen an.yuue Lecommend delisting 
content! As one examines the scope and sequence of a course, like fe^igiith ' 
grade mathematics, for .example it . is difficult to say, "students don't need 
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002 ' GOT: 

this topic" or "let's cut' out . " Some hard decisions may have ta'^ 

be made » - ^ 

- ., , . _ , . . ^ ....,„ , 

On 'the other hand, problenf solv|n%_hats always been a part of mathe- 
matical learnin_g--'S0 some time is available^ We believe that problem 
solving/is so important to^students that ic deserves more emphasis—and 
more time. The major point rs chat teachers committed to improving problem 
solving ^abll icies will havt} to fefxaraine the total curriculum and carefully 
plan enoygh time to provide sufficient experience -to make a measurable 
Lmprovement. ^ ' . 

In addition to finding the time, one has to be willing to be flexible . 
when consciously teacKing pr^^lem solving. Looking at differejit approache^^ 
to 'the same problem, encouraging t^Ludents to gues^s (without f ear) , ' allowing . 
students to pose problems', and being quiet are only four of several ways in 
which a teacher, may have to deviate^ frt^m estahlished p^at terns of classroom 
behavior, . - 

Making thLa commitnit^nt to teach problem solving rais^a several questions; 

(1) What must I "consider in planning problem solving experiences? 

(2) Huw can I LJL eate'a probltim sulvlng unv i rijumeu t in my classruum? 
^ (3) ^How can 1 etf actively tuiicli HOitleyue Lu ^oive prublems? 

(4) How can t evaluate ' probl em ' so Iv lag ability? * ' j ' 

(5) What, can T do in tomorroi/ n c lass to begin to promote problem^- 
sulving in my classroom? 

Pi^ liii ili# 

rhtf Lt^actlt^r wtiO Is ^osiiiul L L ed Lu Leaching i^iutilwu, .sulvlng with Hiia name 
devotion teac h iu^ H-k l 1 1 h and p 1 i ca L i uiis unx^l bt^ ,.rt3|.mit^d "Iht: gttidCeaL 
Lixpe^nd 1 L u r t; uf Lt*ciLjtUug L inii^ dud enuc^y shuuld uCt. ui iii planning I Ot Lliu: 
i • uum di. L i V 1 L i cS LhtiL a IB Lu OccWt."^ Flaiiulilg LatiUn luLjludu. 

• Identify specific iearnirxg goals fur Lb*, leswon i>f un i L . 

• S'ele^cL p L"Ot> 1 eiiiia UL H i L LiaL iuotj wliicfi 1 nLcf tjHL i ng tu pupil:?. 

• 111 ink through solving pro bl ems cu anLtcipace .^mdeUL HLtdLeglc, ^Il^l 
natives, distractions, or ■ conf us ions , 

• Develop a le^Hsun }>lan and rscficdulc tut a^iisjili^i^ aiid eVtiuta. 

• f)tvise ways tu n^fii^t students it thuy encounter UitiiculLy* 

f . ' . X 

•^^Meiring, Steven teoblem Solving: A Basic Mathematica -akill, Booklet 2. 

Columbus, Ohio: Ohio"T)epar tment of Education, 1980. p* 61. 
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* flan flemble time so you can adjuat the plan, if necessiiry. ' 

* Pcovidean opportunity to look back mt the problem .solving experiences, 

* Develop a plan to evaluate stuflt^nc luarning. 



* Check plans to Insure that you have provided motivation and reinforce- 

ment tor students. ^ • ^ 

• » / 

* Examine plan methodologies and instructional actdvites to see if another 
alternative would serve better. 

* Compile a list of materials tfhat will be needed^ including instructional 
media such as an overhead prgjectorj transpa/rBnc ies , 'Chalkboard, and - 
student handouts^ Also, determine if jpanipuiatives or related materials ^ 
will be needed, such as string, rubber bands^ straws, meter sticks, 
scissors, thumb tacks, glue, rubber cement, tape, scrap paper, poster 
board, pens^ pencils, geometric shapes^ graduated containers; calculators, 
drawing instruments, stop watch, spinners, or plastic grids. 

Several of these tasks merit elaboration; the first two now, "others 
later in this paper. It is important to Identify clear goals for students- 
-whae do- you want studejits to learn? Traditionally,* it has been clear that 
teachers want ntuderfts to learn to suivc prubleniH, but that is a vague s[)ec- 
ification* Wliat must they learh to be better probleni ^olvets? Many text- 
books contained sections^)! specific kindH of problems, like d is tahce/ rat e/ 
time probLems. The idea was^hat practlct^ in sulving these problems would 
t^^ansftjr to oL\i%:l .sirniiaL" [> rob 1 etu:-* . Iht appL%JtiL:h w^t kb tu tlm extent that 
the student l^aru^ tu solvt that "Lype" ut ^prubleni, 6ut tt^, concern uf 
tcauhtiCri is thaL wu t..aiinL3t picdiv.L uliiLhc- Lypus uf 'prublems StudeuL will 

face ill thej: iit-iXt li), Ul 30 v cet l . 

l)[t^m Lyp^r? ait- '..'iMiimon LhaL tliey will liu.ely tilway.^ be in tlie ..j i i 1 C ui uin , 

but (.)v Ltj.i.lilh^ :> L kiJ L Li L it Lu hCu L 1 ... t 1 * ^ ut^iai mtithwdrT L L a i.. k 1 UjJ» 

jAi. t> b i , L\\i^ .jtiiJ.. Ill i uliut_-d \^iL[! .1 i.ptjiLOliij wt use fill -Ll il^^it'tj* Whi-.tii 

I 

I.iu ud with I i»uw iiuVti piwtjluin. .,Lt; [1=1 is m^i.^^ a ^ ' j ^ i ^ .1 ^ i i «.sS tU try 

Iht: tlL'Ul. 1 ?t .ipi L.t.i, Is ._.ll.»U titjl^.fi.i . 1 .1 , H I fi!^ ^U.il.. of iu?5 t L Ut. L I IJI I 

[ ..i 1 P L kA> 1 *.-iu ^3. • i \/ 1 Ui^ ' ) i wL^ai. t .t. L . . 1 1 L t iL- 1 I > , L ud n L L . . " i k t ^ j t a .1 L L lj I 11 
la " ina k d L a 1 e " , uj i L ^ i 1 1 L 1 I . a n a " ;t o 1 v i - ci i Mi [j 1 c l p l O b 1 em , " H e s e a r C h 
ha.M .ifitjwii LliaL Mti^l^lt-Uj .i^^iviu^ a Lh i I t v i.* uuliaiiCcd t.jy Leacliiiig he.; u r i m L 1 c h 
and, whcii tiLM.i L 1 .:>L I ait- L/in^/hL,', tlic^. ; t unfd. Ihur^i^ ticUtl^itlCa then 

fje LfuHigliL ^ijt an ^cilLafiL skills Lu lit/lp ,Mli|duntf. btfi- 4->iHe bt^ttei plwbleiu 

s D I V e r H . I h t' y are certainly mu i" ^ t' x | , J i c i L than ^ni e g e r a 1 ability 1 \; c 

prob LomH better! 
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Another majbr challenge in developing problem solving e,xperlencea Is ; 
"loUting lood problems . Little can be accomplished without 6he resource .■• 
of. proliLemaV Some t^achGrn make UleH problems on 3" k 5'" cardB. When^ 
ever "they find 'an interesting and apprbpriate problem, they fill out a card 
and file^it^ A few teachers have set' up such fllt-H by heuristic clasHiflca^: 
tlon. If a heuristic Is useful in solving a particular problem, thev fllu , 
ic t.here UsuaUv several heurlsticH are applicable and they cross ref- _ 
erence. the,,problHms . ' . , . 

Another useful technique is to develop some problems yourself/ The ' . ^ 
paper on "Posing and Reposing Problems". preAents helpful Ideas to^ teachefs 
fur constructing problems, . , . • 

Also, many problems are containt.d in the resource packet-. Special atten= 
tlon is called to the following papers:; "Problem Solving Resources", "Ke*l 
World Problums", and "Problums, Problems, Problems!" 

,-r^riri"f " ^''•■''''fei" Suivinu Env i ruamtint 
In addition to teaching heuristics, th^r^ are many ways of fostering a 
-probLem so-lving environment in the ciassroom. Some ^of the suggestions cftpcern 
changoH in the phys id L^nv IroumcUL ut lU. .las.r<,um while oth.r* iuvulv,- 
altering th« day-Lu-day insLr uc t i uu. 1 LuUCine by lucLudiug variuu. prubUm 
aulvilig acL Iv IL ItjH , , « 

Suj4gt;sL iow.-, t;yuiceriiliig l ht- c 1 ass L-Ln)i.. includv; 

•• (1) K.sUilAlph a problem fllu un 3" .s d" .ards u.-, lad lea tod I., the 

last HCcClOiu. Alluw HtudenLs lu sciect.a problem. wrlLu Lheii 
i.ame.s.on the back of the card and try -to aolvt: the problem lor 
an aiiprupL laLt.' rewtird. 

U:/ i;,-,.: Ll,^ bullcLiu "buaiJ i-y I iiiB i^) ^ "t'^-hi^- -'I Lh^ U^uU'', 

(I,) stuJent soluLlyns Lu lUublems or studenL "tti,..ur^mS name J 
.liter Lht sLudent (e.^. JuhiiHun't, SoluLluu or ThaoroiM) . (c) a 
li^L >,t ht:urisLic« lur .efurt^ncc. (d) cja l- t>,uni* , uewspap.r and 
,naga^.inti 'articles, qur,Cations, etc. related td pLyblem Kolvlng. 

CunstiucC a kuuk.^heLr rur books uf prublems (aee "Pfobl^-i.. 
Sulvl.ig k^^suurccs") , ,„athuiiiat iual aamet, and puziiies, mag- 
aziuti.s tf.g. toU emd lies S^udt^ (NCTM) .Sclent if ij. 

Amt.Tic,m, Games etc.) and thu like. 

Create ,i prubUn, Hul\/lng cent._,r In out: ^,i.£nui ut I be tlasaruom. 
U could be near the buokHhelf (3) and contaiu various nuinl= 
puluLivt' devices, and Other materials llHted In tlie vrOvluUH 
section. A catchy fiam^ like "Sleuth's Corner", "221 B Bakei 
Street", -ut one chosun by the students' la appropriate. 



( i) 



Some suggestions for ways to use probleins to vary tlieJ instructional 
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routirie are: - 

* " 'f5) Begin a 'unit wlch a^'prohlem. EKample: "How maijy pennies would 
, it take to fill this classroom?" would ba suitable to begin a 
Hinlt on. volume , (Paper E) are eBpeclally useful in this way. 



(6) Close chQ^^class period with a problem* Examplet After a lassofv 
on removing common factors ; assign-: Factor (a)_ 3300 x^O + 
V 252D x81 + 2310 x72 ; (fi) 13, 6W kIO ^ = 27679 x8 + 



18,627 - 30,000 + 223, (fhese 

exercises, but each has a moral). 



'pf oh lems" are really 



(7) ' Solicit problems from students and/or ask t^hem to construct 

problems based on a picture from a magazine, a shortinews- 
^ . paper article* etc, / 

(8) Play a gam^, 

' .(9) Have a (mathematical) .Scaveager Hunt. Sample list: "Find" 
(1) a parallelogram in the classroom, (2) a polygon whose 
area is numerically equal tu its perimeter, (3) a number 
greater than 10,000 with exactly 8 factors, (4) ^four numbers 
whose sum exc'eeds t'heir product, (5) a quadrilateral whose 
diagonals are 'perpendicular (6) a rttCLaagly and a triangle 
, having the same area, (7) two polygons which can* partlt ion 
P the plane into 10 regions,, etc. 

1^ You can probably think of other ways tu brirtg prublems and prublem 



SQlvlng into 



:lasaroum. % 



I 
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Teaching Problem Solving 



One cannot anticipate all the situations that could arise in any 
t&acl^ng situation edpecialiy in problem solving! Our goal here is not 
to prescribe, what, should .be done, but rathet to "off^r soma coniments brt 
some of the critical issues in the' teaching of problem solvirxg; especially 
teaching hauristics and asking questions. * - ... 

Research attests to tbe value of teaching heuristics or s^trategies = 
the following flow chart offers one procedure, ^ - 



Introduce 3^ 
new strategy 



Practice the 
new strategy 
with problems 



Provide a variety of 
dlaslmllar problecriri lu 
feKeraplify the new 
s tra tegy 



I 



Provide a variety of 
problems whlcfi <irt 
appropriate f o i l1 I 1 
previously It'arned 
strategies 





u^\/,. all 3Ll ^it^^ i 
been taught 



CunLluue to provide 
a variety of problems 



% 



d07 ' • ' . t . G07 

After scfldenC& have' learned to use three or so heuristics, tlwy should 

^be provided with an opportunity to solve a variety of dissimilar probl enis , - 

using heuristi*cs of thtiir rlioLco, This ntep liolps to demonHtrate studen\ 

select"Lon of 'heur i^^t ics^ and the advancagGH o^^s/ng^hom . As clic stud^^nts' 

backgroundg gf"^ in terms of- heurist ics they can^Be^ef f ectlve^y , their 

success in problem solving will show signs ^of significant improvement. You 

should decide on a reasonable order in wfiich to introduce the huupistics. 

"Act it out" comes easier than --Look for a simpler problem", Sp^ial ' 

emjhasis needs "^o be given to the looking back heuristics^ • 

'Generalize . 
Check the solution 

Find another way tu solve thtt prui>leiii 
Find another result ■ 
■ Study the solution pfuceys ^ 

. * ■ i 

It appears -that students do not use thest^ h.eurisclcs on ttielr own. The 

ImpliC-a^iori that t gathers should use them to piovide a rt.^le rffodel fur stu 

dents and to demonstrate how much can he learned f rom using 'the looking back 

hei^^^tics. In applying these lie^ut ist U ^ ; Luachers ^naed to rt^setva t imt: fur 

them . ^^ome t imes II is efffeictive tu folluw ti yiudent t^uleeied strategy fur a 

probiem^ even 4f lite LE^auliet knuwt, a "tjuLtc^L'' way. it ai\ caur^wei i .-3 ufitaiued, 

th^- tea^K^C j^s? iJt-ai puaiLitjU a=^k= quc^Ll.m^ Lu ^ulda L^iudt^uLa LO Lh 

alLernaLe r^tratti^y. Suctt ttxperieuce Miav ii^ Vci 1 1/ I c Lu rsLiidi-UL IfaruinH. 

a.il^ i.jUv.. S L i u.:.. N!*.jL ^1 I 1 .^I u.i . jii \}h art ^.t^a 1 V/ .1.^ ij^ii^i a*.-. . h.'l 

fiui:-.L Llv. a quc',. I luii. hi_ l > , iiisuai.;? p-.^iug ^^L't^Lltiiu j. a ^at^^iUiuyi tiuC th. 

C Ui 1 I 1 liwL I 1 . .4 1 .pu .,L v/i. leii- ar t., ..fceu u\/. lu^.^a In lUe tiassiuuin 

K*r' tjAuitiple, ;3u:VciL£ii I .nUll.-u tli.uLtnL-i lu j.ijiic geuiiifcLfy i.dll ,,lU.lltJtl L> 

1,1 . , t i J I I ii.i U.^ (|U> ■ I I • Ml . " u[ . I . li j.i.i u 1 1 I . I .1 1 S d.} t 1 1 1 M, ^Mi.. 1 iiCw 1 

t;a. h Lh'-L." Pi>;.. , J ill till , .i.aritifci , U,. HQ^^i±i^yrs Lliu u... -i .^.s/ci.al 

I n L ^ > t: I .-3 1 f 1 >i t . a k 1 1 1 ^ i u ^ U t 1 i L u ^ L CLl t » i ^ 4 1 1 , L 1 w u . . 1 ( . . v U u ui 1 . . i v . * , :j . . i s 1 i 
l.s^iaiiln^ e.i. I. . 1 .kSS wIlIi .« "i^ii. l^Mi Ml. li.i " i i I cv, . {if Wiuit J., Ll... 

t.*lh.^wLim Lh LUlutii...n h.i i r ^ p.4j.. I » ^ {.Li i.r lilt: Jw . I I 

tirlM 111) ['eaid.^. ^ _5 > WIi.jL iJ . =j tit ii.iuicd .Iici • i.iJl.'-r^' iilu.w,'^ .iLiiUijiiL 

will lUJLinally i;espond u.j^tjrl^ .^iit.U Lilvl,! qu.-..i i.^n;^ A ii..kL rjt,.,. t.ould t> 

IdLV Lfic- "Til L[lu B^k" wIicLC V-m* pla^.,^ dii ub)^-^ !■ U^^l 1 muh ^ , 1 ua L V ) 

Lii ..i h.i^ and t' hn 1 1 eiii^v.' Lht.' ?|Ludt'!it^H to ^ue^r. iLh idenLiLy t>v .i^kltiiJ, tjut'SL ion 
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which can be answered only "yes" or,""no". Finally, machematical questions ■' 
can' Initlally^be posed^to small groups of kcudontH so there is a colleccivu 
guess. *GpaduaLly the individuai Hti^idonc will duvL^lop che con( hdence. 'to guesH 
Intelligencly and without fear., . 

O^e a question is posed, the next step for thu teacher can be an un- 
nacural one = be quiet. An important aHpect of using questioning is a 
phenomenon called "wai^ timo"==thu time botween ctie end of a teacher's quey- 
Cion and either a student response or^tuacher talk of^ some Hort, such an ^ 
repeating, rephrasing, or red i rec t i t he quustiun. Incrediblv, avt^rage 
wait tlmfes as measured in a classic studv by Marv Budd Rowe , were less tlian 
one s e e oji d . ' ' ^ 

"(A Ceacfit^r) mu^L 5^ prepared to, mut^L utLen. wlLh Llie d iscun.cer t ^ftg 
si lence o f ,s t udeut s > " * (Georg^e Pul va) 

A crlLical aspect of problem ru)iviu^ iiiVL)ivcs t hr oppgrcuiiiXy to caru=- 
tu^lly weigh evidence, CO compare Miven conditiong and relationships to pre- 
viously kauwn inforia^Llou ui prublems , aud Lu ^darcii fuc the uiiLt ied aiid uu- 
thCJUght, --Insttiad ut rapid-fice qu.js L iuu i 1 , ttiu pLoblem solving teacher may 
cvtfi fiave Lu advist: L^ic clat.^ Lu ^luw d..wu lu Liiuir resp.Hisc:^, diid Lbink 

A ntusL slt^iiirKaiiL aspect ^ut Ltit: Kowc L udy*^ Invu 1 y u J Lli^ t^haug^u lu (^harag- 
icii- ut a cl44^iJS wh^n Lbc- Ltacher conscluuMly niadt^*Wi atLt^nipL Lu iiiCVua^^ wa 1 L 
L inu. ,iub.,L jiiL 1 i V . tullowihg effecLrs ware observed ^lu.n^,.aiL t'imeo wui J 

incr^aHed to three seconds ut muit; 

a. ifiti Icii^Ch uf r.tudt=:iiL f s p i i u ^ 1 u i . . . . . ^ d . 

b. Ibe number of uusulicited Hut ai-piuprUtc i . ........ i... . , . j 

u . Failures to r . =^ p o n d d e c^ ean ed 

d , ' i.uiif IdtMU.c- liu I t-tlJiud , 

. 1 h e i u I." i 1 1 f 4 1 . . >. u f . i f » ^ , t i . i I 1 . t 1 1 I ! a J . . , ^ 1 , , , , , J 
r lea... hti L cent t I t-d ?=.hu.w--and Lcii dt.-t: l ea .,£;d :iud cA\ i ^ . . , 
i I u 1 cj a H c tJ . 

Infcrencei. ,Mq.j..>r l . .1 wun .:vla.au.i4 i * ...ibt^a 
T^'^^ nuinbtf u! ij ut;^^ L h a\jj asked l^y Oi. lldi^n iu. j 
f>f oKper im^.nto thev propust'd mu i eased". 
f i Coii t r i hue ions [.v sh^w Ifcarat^iH iticr^a-sud 
j. !) i tit: 1 p L inar V luuVuf^. dcw ^c=a^^t^tI , 



U . \: 



L u t: r a j . i d ^ n 1 e t i I n 1 i L 4*, 1 iu ■ L b u d i 



^ r » ' -^»a . * ' ^.i ^ ' -li i 1 1 - . t, 1 . li 1 i 

, .L.i.uLiOn i-. . ..li^LaiiL 1 % email. it iuH uiid t e L UL ii 1 ii Lu I fit^ t ea c [1. i t u,.. i..olaLcd 
ind t idualr. in Llicj c.iaHHr in a ;,iwv^c?i [.a., ^uti l K.a hi^ a L iiiu pi 1 u i , Lhc t.uin 
UaLiuu inudc:! btwuiiiL-r. uuk ut ^i^rOLip pa i i i c i pa t 1 oru Ihe tc:acfier plavd mort; of " an 



all 
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.aqua! rble with' mom participation •being as-?timed hv individual c lann ' mecnbtfrR 

. . . . . . " . : . .... ' . ... 

and tnCeractiOii occurring among studt^nts. 

We close t\\i^ Hdction with Heveral' miHCol laneous cpmirients related co the- 
Ct^aching of problem Solving. * > . ^ 

(1) Small group (3^4 people) instruction is usually effective (see ^ 

Meirlng, op clt. pp 60-;100/^ for a discu'Ssion pf techniques advant^ 

age^, and d li^advancages of large group,, small ^gruup^ and individ = 

ualized ins true t ionV ) ' , . " 

= ^ f ' . ' 

(2) A godti deal of practice^ In using skillB and algorichms occurb in 
the solution of most problems , so assigning oAe or two problems 
instead of ten or twenty exerc ises requ i res no more 'time. 

(3) Encourage oral presentat ^ofis of pi'obltnn sulutions by studeriLs. 
. Ask sucli questions as "^sThac^ pram.pted yoli to try this approach?" ■ 

''Was this approach the first thing you tried?", "Does anyone else 
nee another way to solve tfie j)rublem?'"^ . 



{k) feamlne more than one way co 'solve a problem; ie 'Employ the look^ 
inn ba c k . heu r i s t i c s . Mo r e u f t en t ha n no t , a guud pro b 1 em h i l ua - 
tiun is abandoned too quickTv^. 

(5) model being A problem solver, joi^n the class in trying to s^lve ^ 

a problem none of you havt- seen before. Seeing the teacher "struggle' 
should be beneficial for all, Tt may help ^hange the authority-- 
. f i g u r e r o 1 e of the t e a c he r a nd bo 1 s t e r tii e c u n f i d t n c e u f >iie 
studeru . / 

l6) Jilmphasi izt: Lhi vciiidlty ut Liiai and ul-l.^l pi wcediiL t:^. tuc soivlu^^ ^ 
problem requiring a numerical answer, Wiile such a solution may 
not havt aesthetic ^ipp'ealj iL is usually bdsud .oli ^uuud .rtasM.niu^ 
and ^U^tun caii effectively make use of a ca 1 culati^r or compuL t^^r . A 
group c.f ...tjL.uudary^^.aciiurH WKie given the pryblein, "Bind thLi max- 
imuni vitEj.i of a quaa^T i laLei u 1 wtiu,<- .^Ideliavt- IcLigtli,. 7,8,9 and 10 .. " 
While uouw t>[ chum red incus/ ti^ed^ ' Bi afima^upta ' s tormuia, all but^ 
o n o b t a i n c.- d . i m_m%^ t \ c a 1 e >> t i nui L %i c o r r e c t 1 1 > wit h in . % u s 1 ng 

pfi^ i ' I iiunk I ;j and L t la 1 .aw A t L i . . i p I tK t ^lu i . . c7 



hi,,,, h ^ J i 



IC 



..hi 



I tj.1,1 i wwi 1.1 Ml 1,1. 



1 lUi, ,1. 



-I r t;I 



\ W . 1 i C Ll L 



(n 



il ^ t I1-....1LU ^ .^.ii J. p i . 1 I t i. h li! "l.^^al Wjlid I'l ..a. 1 LJlllfi ^ilil 

M.iuv [ ca I W( 'I l.i [3ro I ■ 1 .jiii?, , J pua t: lu/, 1 u i ,.. ^, i [ . . . , i- . ■ .xi 1 Tut i ,111 

ill L[ju hl.aik t:Xt vci^^r^ L . q u i 1 l ng uu I v a l 1 L hmc LI- kills Pa£i al 

thw tuisk III ...uiving ii real waiid [Jiohiuin is t o d L el mi ut. d f l-^ as uua 1 « 
iiiat liijniaL iCcx I nu.idtjl\ 

, ,K 1 world p 1 t ! ! > 1 1 ■ 1 1 1 t > r I . ! i ' ' ' u L • • »= ■ I t . • 1 It * * . I , . . . i 1 1 4 , i . J I 1 1 i . 1 i . ! a a ^ t .1 
I u t .11,. t , k 1 II 64 L a J till L i u / ga t he i t ! itj i L i.>wn data 1-5 wa t" k hv^li 1 1 1 



iitiulaLi.ai liUjLht.ids urting d iyC y , a i^uduiH uumb.. f table, a Leiephonu: 
o o k , or a c om f ) u t e r a r tj e^p cj c 1 a 1 I v a p [) r u p r i a t e . ., 



'Gl^ • ^^ ' = . ,\ . K aft) 



(4) Most real worjcl problem.s art! nO;t .fyjtely mri chemat leal , 'ho thexr - 
use affitB a great opportunity ''Ftfn^toam Coach or ot iDciHt'-' ''\ 

parallel lo^nariH wL^h^another cIohh. ' 

0). tn^ SQ^ vlng. a real . wor id problt^.m, oru* of tun .seek.s onlv an npprnx- 
ImaCe answer*,' so estimation tt'clmiqueH and (meaHurHmt^nt ) urrc^n 
'ana3.ysL.v^ are usaful 'ioolH. " " . , 

i (6) Because' of Che emphasis on numerical answer h trial and ^rror 
sC ra Ceg leH \ are often ap^rupriatu/ ... . ^ ' ^ 

(7) Real wor Id/ problems Efaquenclv Veoecur^ 'feo stu'dy^ing, the solution 
N ; p r o cess amd f L nd 1 ng alter n a c e s a i ut ion s a r^u v h p c i a f 4 y important. 



Ev a lua t ipn 



Problem, solving abllicv must bf t'vafl.uated if vstudentH are^ to percelytv ^ 
LLs Impurtance** if cia-^H time in r^|)ent on su 1 v 1 ug pruHltims but CMC.i. ari^ 
cumpuL^ L iun^ 1 eKerLil^3eH Lakttn rtoifi. the Lcuylier'H guitit , Llieu the impact iti . 
lost* hivp lua ting studertt success tti problem solving^ howGVijr ^ is one of the\ ' 
"mQ=st difticult Lask.s racing a teacher. It |>rohlem solving is viewccj" as 
"answer— geCt ing" the task is simplified but mayb'fe art If Ic lai ly so* Our 
uvereill guei 1 in i nip roving .sLudenLs' a[>iliLles to sulve pfubleiufn. ''If ^insw^r- 
getting the onlv c r i t ur ta , ''t h6z[i i t i.^ ^asv lo tail intu a Lucip of ^ 
pruviding HLudt-iiLH wiLh piublems that tj quickly 1 v tjd w 1 1 ti narLuwjAu^ 

cidures, in urdt^r tti have studeiits sud v e a largt; uuii\l}*ji ot ptuLi^Lns (to . . 

iuctea^at^ tilt: r^'llahiiity uf a tt-st). Su^ii a [>uiiit ut v^lej^/ can lead leaidierH 
to teaching students tu s&lve '.'problem typeH". rf the ev Idenc'e you accept 
of sucCeHss.^ 1 ii {JLt^lein r,t,>lv Lug is gfcjttiu^ lliu .in.iwer^ it Is u^Lul^I lu .^[iuwi» 
s t ud tM 1 L s \ iow t o d (X a i y]^e of p l vj h 1 m. ad ^ i v . . M i em >5 e v e l i p l u I j i ems D i l ha L 
t V f 1 1 • ! ' ^ 

ir th. * i ^ he- 1 p . I .. j.j.t.Uni.i cLaL .J re new c liit.ui^ Llit2. 

I . 1 . h 1 . . > I . V 1 1 t I 1 t ! i L 1)1 k I will (I le a n u 1 1 > I t ! ^ ^ 1 1 ! t i_3 1 1 1 ti t = i 1 U . . S w 1 v 1 1 1 ^ n 0 v u 1 

P i > a. , i m i 1 . . ) , 1 1 . J llu . 1 I ._ . I . i 1 ^- u t . . A p 1 I ) . . J I 1 . - . , t i ! 1 1 1 I. 1 1 i Li \ti^ ^ I i 1 .1 '' I ^-lii iAL I w 1 

I f i t= -living n r o 1/ t.' . . . ! t ^ w u= r p t a ^ 1 e_= in^. t . a i i t> ^ f u c h e_M i L ea l o* s 4 ud e » , t s » 

su^^.t, .>l till I I iu.:i8 iwwi^ .it .1 I Mn*a._i .a .iluat ui^ dtuUeuLs. 

1 1 lL..t SCage 1^5 t.. del^inii^if if .^L ,d..uL?j ^.aii U..e Cea. h&ii c^e L t:d lifiU" i t iCiS 

^is/LM.i ill ._ippt-o[5t laLu prdblEMn, =can th%* -stuJcuL Set u^j .1 taUie 1 organize 
de^ta I .^ul L iL or Lan^ the ci^tudeut diaw ci picture whit. I i iricludes l tie key- ele- 
ments 01: Lht: [.L.a.lcnl;' Tftu,, , wt- ^ii^>4e^>L w/ValUaLliig Stud^iuL a h 1 1 1 >. to^uj^e lieUT 
1ml JlLc:^. lIv ffie ^^wt ou.l =a I Lx^ evaluaie hLudtiiL ublllty'tO Seject 

'.' a}>|!ru[jrlat^ heuri.TtlcH and u^e tfiom tu solve riew prubltims* Simply chec^ting 
answers is not enough, The pruiu^r-^s involves looking at h'ow HtudBnts tried to 
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'rigdlva the pi-oblems*; Sometimes it may a matter of' looking over the st-udents 
...OTltten; worki/^^ have tried problem serving interviews^^asklng a . . 

\ gtuderit to solve a- plrpbleni In a. coriferenc'a setting/ by \ thinking aloud * ^ The« ^ - 
process/- is time eonsuming but may have a lot of ^payoff* ^ - . 

-.Slnc#^pr©blem isolying : is. more than an^wer-^tting^ a;good evaluation 

. scheme sho.uld give credit for' ^' ^ . w " ■ - . - 

"^/ V ^ \.a'ttemptei^folu£ ions using "reasbnable-V heuristics, 
' ' ^ V ^h^^ lengt1i?of time spent before "giving upi'- ^ - ^ 

/i-?/ ja^^ dlf f erent t.t.imes (co_ .cagitallze^ji_^.^j_ 

; Poincare7:s nation of an :"incub solving problems) > ; 

V - ^ * . l^gu^igtics (e. . solves a problem / 

- , in more than one way ^ generalizes the problem) , . - ' . 

\ vwilj-ihgness to s^iare a solution with cl^ssmates^ In an oral presenta-* 

;m ^ • tion (some ceachers give extra r credit point s^^ . V 

^ / Two other notions which I hav^ employed : with some success are^: : 

il) Keep an anecdotal file (on a 4" x 6" card) on each student recording 
> ^ probJLema solved or attempted with, notes on Imaginative solutions , 

/ ^v' . --good "tries"s etc.^ This suggest i^ipiTftay be impractical for large ^ 
. number of students^ but try. it for. one classy to detemine if it 's 
*worthwile for you* ■ # - 

,(2) Give a f^ur' problem test with 50 points awarded, for the first correct 
solutionj 25 points for the sepond, 15 for the third^^ and 10 for the 
_ :„ _ fourth/ /Basically you read the four solutions i decide/ their relative 

merit' and: award ^^olnts accordingly/ _ - . ^ 

' ^ ' Tomorrow ^ _ - ^ 

What can you do^to start? First,y we suggest that you do not plan tD^ ^ 
sc§i^t-^ tomorrow to devote 1/3 of your mathematics course to problem ;§olving* ^ . 
We would like Ato sea mathematics split Into 1/3 for computational skill , 1/3 
for understandings and 1/3 for problem solv^ing, but it is unrealistic to make / 
such a drastic change In a very short time, EKamine various sources looking 
for suitable -proBlems* -Look' at ^newspapeps , a wide rang^ ^f magazines (e.g* 
. Mechanix Illustrated , Psychology Today ^ Scientific ^erlcan ) etc searching 
for -problem "situationa.v- Try to develop a "question sense" r an ability, to C 
formulate problems based on all types of situations. Then^ we suggest planning'^ 
a ..single class period for problem solving and exploring what strategies 
(heuristics) your students use. Continue, by chooslpg f rom 1 to 3 strategies 
and plan '^a small unit to develop them. , Then try another period^ for open ended 
problem solving. In following this process a teacher carefully develops his 
or her Instructional skills to help students become better problem solvers, * 
An important danger to avoid Is to try- to do too much at once. Small steps. 



carefull)( plannea'j'proviae more promise'. of success than gifan4 : cpmmltinent 
that';may be: impoislble' t . . ' ' ' \ ' 

' ,/ Our Hope Is that problem solving wi^^ eventually become a philosophy, 
rather than a method J of teacMngV The ultimate reward is the '-aha-* 
expressed by a successful problem solver. The price for this moment is a 
wholehearVed conrinitme^ careful planning, im$gihatiye teachin and .hard; 
work. It's wprth it! V : . ^ • ^ j 

^ \ ' / \ AppendiK ' . . „ ' ' r ; ^ 



One.of ;the-most impres.slve projects currently. near completion in Oregon i? 
the Lane County Mathematics Project, .D by Professor Osc^r^chaffs^ the ; ^ 

proi act has been developing' materials for grades 4--8 for tha past three, years ^ ; 
These materials 5 which are supplements to a standard mathematics program* . 
emphasize the improvement bf problem solving abilities. Ori^' of tha interest--; 
ing features of the materials isl the use of Interesting problems j ^challanges ; 
and g^mes to provide drill . Samples, used with permisBion of. the directpr, 
ar^ incl'uied' at Vthe and of this paper to damonstrate somfe of the problM ^ ^ 
presentations anci the use of drill tp teach students ±0 use heuristics. This 
is one useful way .to save time in the curriculum to provide for an emph:asis 
in problem. solving - ; . - ' . 

\ The following pag^s are tak from grade 8 -of the Lane? County Matheipatlcal 
B^ofeiem.. Solving Project and used by permission of the Director j-v^^^^^^^^^-^* 
Two of the principle authors are Scott McFadden and Richard Brannan,;' Currefltly 
these materiaisy developed for grades 4 through 8, ate in; different stages of;. . 
devalopment, field tasting, revisiotiv and implemehtatlqn, I the - 

project and us^ of materials should be submlttM to the directbr:^ ' 

. ^ ' .^.^ ' Oscar Schaafi Dirfector\ ' 

V . V Lane County Mathematics Project 

^ . " Lane Education Service District 

. C V ; . / 1260 Highway 99\^rth - ; - 

. ^ - ^ _■; : Eugene, Dragon 97402 \.. . 

The few pages selected have been chosen to reflect some of the* t^roblems 
presented to students and the techniques used to have students practice com- 
putational skills while developing and sharpening problem solving strategies. 

. ■ ;. H . ^ - , (Revised 3/8D) 



.G.13 



PaC^BLEM, SOLVING PUPIL MATERIM.S - GRADE 8 
/ ' ^ " . LESSON TITLES ^ . 



IV-CsS 
Tttlea 



!• Pre-Eroblem Solving Activities - . ' ' ' 

• Guess and Chsek c - ■ ' 

• Looking for Patterns ' 

• Hake a Systematic List 

• H^e and/or Use a Diagram p Model, or Dri 



wing 



I Z # Cha 1 1 ang es 

1 What * s The Stmi? ^ 
. Usa All Nine 
^ . Pool 

Logical Thinking 
• A Game of Cards 
« Pizza Puzzles : 
: • Magic Triangles 
' • Dominoas ^ ^ 



III* Drill and Practice 



• (^mplete the Problem 

, More Than One Solution 
A Potpourri of DeciiDal Digit 

Etaw ActivitJLes (ideas for Teachers) 

• Distributive Property. 

• Create a Problem 



A Game of Darts, ' 

^#ppy Nifflpbers 

Afr^Last Digit . . 

Bltthday Party 

Wiere Is The MoiBl^y? 

A^Eow of Pennies 4 

te. Wizard's Marfble. Trick 

Chips Ahoy 



Patterns 
Find a Path 
The Best Guess (Mont 
The Best Guess, (Decimals) 
The Best Guess '(Fractions) 



'7' 

oney) 



IV. Variation (Algebra Readiness) 

• H^burgers for Slim V 

• Formulas 



V* Ititeger Sense (Algebra Readiness) 

• Therrmsmeter Readings , 
.'■ ...^ Negative Numbers ' 



Believe It Or Not Formula^ 
Cars and Bikes / 




• What's Thm Sumi 

• A Tricky Pattern 



1 



VI, Equation Solving (Algebra Readiness) 

; Puzzle Probltaas 

• The Hidden Solution f 

* Arthur's Dilemma * : , 



Anothet Dil 
Unusual Equatlonf 
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IV.Cs8 
Titles 



: yilm; Protraetor E^kperlments 

Protractor Praetlee 
. More Pro tractor .Practice ' 



What's Tha_ Si^7 
Watir-Miatl Gaometry 



VIII* Investlgatlono in Geometry 

. Patterns in Ceomatey 

« Quadrilaterals' 

• Snipping Quadrilaterala .. 

. Oil Wells 



Finding Piatanaes 
Congruent Triangles 
Drawing Triangles 
Pythagoras 



IX. Percent Estimation — ' 

a Keaning of Percent 
« One^Per'bent Hethod : 
* F^cents and Fractions 

J 



Estimation 
Short Stories 



X» Calculator . 

; » A iiumber Times Ittfelf 

• - Best Istimate 

• ■ Discovaring Patterns 



« Missing Parts 

• Calculator Puzzlers ^ 

« I tm Think ii^ of a Number 



XI^ Probability 



pice m Coin Toss 

Roll That Cube _ _ . # -The Gtns Machine 



M ' . . ■ ' = ^ , ■ - ' ■ Pre P-S 

' ' K -J; GUESS AND CHECK ' 

Soaetiaes a problen can be solved by guessing. If at first 
donH suceed, try again! . 

a. . Who aa I? If you sultiply ne by iyself and then add 3, 

the result is 84. 

b. Who an I? If you subiract ne fron 30 and then double . 
that answer, the result is 48. 

c. Who an I? J'n-a 2-digit nunber. If you reverse ny diglis 
and add us together, the result is 110. (Give all 
possible answers.) 

iuli^and Ed were asked to add two nunber^ together. Julia, 
by nistake, subtracted the two nunbers and gave the answer as 
10. Ij^stead of'adding, Ed nultiplied the two nunbers and the 
result<was 651. | What was the correct total? . ' 

Use each of the kgitr 0, 1,^ 2, 3, 4, 5. ED Q EI 
Fin4{the snallesj answer possible. - 

The Happy Holiday Hotel is blessed with cheerful bed^^^ In 
each single bed you can find 7 bidbugs and in eadi double bed 
there are 13 bedbugs. How nany beds of each sizi are there in 
the hotel if there are 106 bedbugs? ' 

Patt i has 740 in her purse. She does not have a hal f-doUar . 
She can't sake change for a ha^ coins 
does Patt i have? 



G-.16 



U1V-CI8. 

a) 



MAKE A SYSTEMATIC LIST 



All of thf f following probleais can be solved by making a 
systematic lisi. Organize your work and look for patterns. 



1, = Mr, Young makes picture frames like the 

one illustrated. He makes them from 
. pieces of wood with measurements of 

10 inches, 15 inches, 20 inches, 
^ and 25 inches. 

One posiiblig frame is a 10 by 10; 

another is a 15 by 25. 

List all the other possible frames. 




2. The corner stbre sells pencils for 5e, lOe, and 15e. List 
List ^11 the ways Kay can spend exactly 45e on pencils. 



3. Slim was- studying the menu. He had the following choices. 

1st course Soup or salad 
2nd course Chicken, beef , iamb, or ham ' , . 
/3rd course Pie, cake, 0^ sherbert 

List all possible combinations of food Slim could ord#.^ 
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DIAGRAM, HOOEL^ OR; D|p^^ 



Uiia a diagrafn, a moder, or a draw sfilye tfiese 

1. A frog is at thr bottdB! of a: 10-forii wtll^^ Every day he 
—^crawls up 3 fi 

iBarty jiays w hi« to^^et out of ihe wel^ 

(Tt^answer is not 10.) "''^^ \- 

2. 



It takes 27 sugar cubes to fill a 
cublGal box. How many cubes Will j 
bf touching the bottom of the box? 
sides? 



|jx=4irls htf^e-just^completed av 
^rls* naines are Chrisv DebbiV iJulifr,-Kay,^ Nancy, and, 
Vicki. Use the ftllWin| 
which order the girjls finished. 

.Nancy beat Julie by 6 metres. ; v ^ 

. Chris finished 11 metres behind Vicki. ■ 

. Nancy finished 2 metres ahead bf'Kay but J metres 

behind Vicki., 
.Oebbl finished exactly halfway^iet ween the first 
V and last person. , ) 



4. A serv ice stat ion has a large cohtainer o f ant i freeze . 
A cust OBier needs exact ly 2 quarts. The only containers 
available are a 5f quart can and a 4- quart can. How can 
the attendant use these containers to measure out the - 
2 quarts? . ; > 



A GAME OF CARDS 



Kim has a special deck of cards. After shuffling the 'cards 
\ she turrred six of theoi face up -on the table; 



II 



-Kim explained the game thi5 way: ^ ' : 

.. Use each of the first five numbers in any order. 
, . Use any operations you want. 

.Your answer must be the last card turned up (in this 
case, 2). " / , 

Here are two different solutions. Study them to ■make sure they're 
correct. , ' 




See if you can find another solution 



out five more hands^ 'See how Beny dlf^ 
you can find for each of them. Remembir to express the r^iisults in 
correct mat hefflatical form, j v^ ' 



•1. 3, 7, 1, 8, 13 

3, . 4,-16, "7, 9 

4. 12, 7, 9, 7, 1 
♦5. 4, 25V 10, 22, 4 
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Answer is 6 
Answer is 11 
Answer is 1 

Answer is 13 
Answer is 4 
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A ROW OF PENNIES 
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Suppose that ihere ai-e 200 pennier,^ in a row. All of 
are "heads" u^. 

Nowj^ suppose that 200 rpw ^ ; . 

, ; the irst pierspn iurns pver all the pennies. ; 

: ; . starting with t Kg 2nd penny, the 2nd persoji turns over 
* V ey#y other oiie. . 

; . starting with ttie 3rd penny j the 8rd person t^^ 
every 3rd penny,. 

s t ari ihg j/i thvt he 4th ^ermy j t he 4th person t urns over 
ever¥>4ffr penny, 

.etc.-: . y: / / v. ;. • .■ ;■■ ■■: . / 

etc. ■ ' ^ ■ '-f'. 



r 



etc, 



Suppose you 're t he 200t h person . 
penny "heads" or "tails?" 



Wiiryou find the 200th 



2. After everyone has gone 
; , ; show ^'taiisr"^^^^.^^^^: 



gh t he line , whi ch co i ns wi li 



After ever yohe -has gone through the line , 
will have turned over the 200th penny? 
Who are they?. (Give their numbers. ) 



many persons 
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1i 2 3 4 5 

- ^ J U □ □ 

6 ,7 8 9 

4. • 1 i 

7 □ 9 

1 111 

7. 12 3 

X . O [-1 



10. 



13. 



■ an 5 

□ □ c • • 

5 5^ 3 □ 



:24inf 



2' 6 



1/2 9 7 1 
2 6 5 



□□n 



• COMfeTE THE PROBLEM 



.-G.20. ; - * 
IV-C:8 

Dr. & Prac. 



2. 



5. 



8. 



11, 



14. 



1-5 7 9 

>u UT] n 

1 0 0' 0' 0 

";'a 5 '3 a. 

9,48 
' " □ □ 4 

8;.n-n 
■ - x";'"-'^7 . 
r7D-6 3 



J 2 



9 n 
2 7 



21 6 



.3. 



9. 



' 4i6 7 1 

"□•QU L-l ':- " 

2 8 8 ■$ -j^ 

^ nriLJ :'- 

2 3 4 5 ; 

4 □ • 

' . 1;-3~^4a" 

n Q □ B^-~ -^ 
1 n 0 6 0. 



12. - IJ9 . 

- 73/2 141]^ 
14 6 



□ 



IQD. 



5 

□ 5 



5 



4n 



.□Li;::; 



w 
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FIND A 



Dr. & Prat 



OraW a path ^0 t^f nuabtrs a 
the circl^; The path^can oiTly go through ihe dp 



1) 




Start 



2) 



I gates^ 
tart \ : 



Mr. 

1 



6 


\:;2--. 


1 






I 





1 

4 

6 

1 

2 





■ 




1 5 
6 








12 


: 2 ; 1 


' /If ' 

.12 


.<i:;:-'^ .;Stari:-- ■ - ^ 




2.9 . 


' 2 , . 

-. ^ 






i r 
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j;|||^fflmps quik^^^^^ with himsilf. Hi had just fi^^^^ 

new for^raula. ^anwny named it the ^ • *aureq oui a 

^ Ideal Weight For Eveppne ' ; j " ' 

: W H i^ the persoh^r height in^^^^^^^^ 

• : V ... : W is th? weight in pounds. . 

■ ■ Is t% a reasonable; foHinula to use? Let 'I f irst jee how^it 

■ works Safflffly. Then we!^ 

;^ - Class . Exercises; ^ " ■ ■ ^ 

^ S"^^ f i'lehes tall and weighs 128 pounds. According to 

■ ■ : formula, .hdw'^m^^^^^ should Saisny weigh? '."'"S " 

■ ^' hII-L"JT ''^^S''* "'=^««-*' According to the formijla 

- : . to .t.hf foFnuIa, how .niueh should he weigh? "i' ""^ 

. . 4, Karen's .little^si^er is 40" tall. According to the formula 
. . how much should she weigh? > s v'e lormHia, 

* 5. * you think Saminy ouaht to chanae the n«m. .V +k« i.^Sit?^ 



^^you think Samy ought io change the name 4^ the formula^fc.. 



I ^ ■ ■> ■' ■ ■ ■ ■ 

■* ■■■■ t ■ ■ ■ . 
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aLIEVE itOR NOT FORMUUS V ::,.i::^''u^^^.y 



Would you believe that a cridcet^a^ 

Th| wapintr it is, the fastfr. a 'cr i chirps. ]lhi% forniula 
\ . gives a close. apprdxiiMH^rii ^,V^^^ '\ ' 

: . iv,*:! = 5 + 3 i tht number ;bf chirps in one minute,, . > 
. ; 7 T ii thff: temperature in Celsiui. v 

I'tqrHjolas are statsmehts of *|^iatioiiv 4= r •: 

Thi weight -height formula, suggests ih^^^^^^ -'^^ 0 ' 

- a person's weight increases as he gets taller." '\ ,/ - 
The sleep-age formMla suggests that % ;^ =. o^' 

n thiB; number person needs decreases 

she gets older. , 

■"According to the cricket chirps formula , how does the temperatuiie 
vary as the cricket chirps faster? Let»s find oyt. . ' ' 

Use the cricket Jiormula to complete this table.^ , : 





c 


56 


\6a 


70 


^84 


112: 


154 




T^l 


\ ■ 













a. ,lf the temperature is ^4°, estimate the, number of chirps 
a cricket would make. Thert check your estimate by using 
the fornitila. ^ . ' - ^ - , , 

b. Estimate 'the number of chirp? if tjie ^emperaturvg is ll^^^ 
■ ' Then - check your est imat e. by us ing t he f ormula ^^ ?f 

iilSSi^vA certam kinid of ant. also canje used as a- thermometer. The 
■■^ warm the faster the ant ([•uns.irfi 

J _ 5R 8 R is lhe speed in centimttre^ per minute, 
2 T is the temperature' in Celsius. 

'. ' ; ■ .Use the formula to complete this table. 













9 


10 


T-l 
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If the temperatu^e^is 21°, about how fast does the ant run? 

b. If the tfiperaturPis^^^a^^ ^ut hbwjj^ast does the ant .run? 

c. If a ,cridl^6t^*'^hir^fls 11£.lime^:a mihutfe; how fist doilithe 
, ant run?^ . 



Patferrts in Geometry^ (cont.) 

- w- - 2- ''^^hese drawings i 1 lust rat e 
^X' tiQ^' U§^pBB can be 
; subdivided into 
trianglet. 

a. Usi this safflt 
- X 4tfiGhnique,»^| 
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othiT figMreS^^^^^^^ 9 sidas. Compltti the table.- 



4^ 



Number of sides' ' ' 


•4- 


5 


6 


7 


8 


9 


Number of triangles 


2 


' 3 


4 









b. Study the completed table. Look for patttrns. If you used 
the.;sane technique, how nany, triahjles would you ex^sect in 
a 100-sidad figure?. ' - -"^^.^'^-^ 



Ten very talkativ^e tiinqgers decided to insialj ;^eir own.^ 
special i^el^phone - ^ . ." ' 

systi»i?ip The sysiel 
would cohnact 
: house with the other 
nine. How inany wires 
. would the systeffl fieed? 

Marty Blades a drawing. 
Jut that didn't help 
much. There were ' 
just too many lines to keep track of. / ' . : . 

Kyle decided instep to Iry simpler cases and look for a- 
pattern.. ^ 

a. Hake drawings to sho^the nudbtr o'f wires needed for 

2 persons 3 persons . 4 persons -5 persons. 

^ Look' for a» pattern. Hoi^iany t^ret^^ou^de^btjO^ 

fc^v^; 10; persons? ^ - '^^'t';-. ; 
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OIL WELLS 
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(1) 



Two oil wells art located 
3 miles fron iht Hshore of 
a river. A sihgie storage 
tank is to be built on the 
shore. Oil is to be piped 
fron each well directly to 
the storage tank. Of 
course, the conpany wants 
to use as little pipe as 
possible. , 

1. What is -the best location 
. for the storage tank? . 

2. How much pipe is needed? 



8 miles 



Notes This picture 
has ^ been drawn 
to scale. 



On anefther stretch of the 
river, two more oil wells 
have been drilled (see 
drawing). Another storage 
tank is to be built to 
service these two wells. 

3. What is the best location 
for the storage tank? 

4. How much pipe is needed? 



20 niles 



drawn 

to scale, 
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Oil Wells (cont.) 



On another stretch 
of the river there 
are 4 oil wells 
located according 
to the drawing. 
A single storage 
tank is to be built 
to service all 4 
wells. 

5. ^hat is the best 
location for the 
storage unit? 

6. How much pipe is needed? 
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" Using a Textbook for Teaching Problem Solving 

The textbook is the resource around which most classroom activities 
are planned. ConsequentJy * any dectsion to/ place more emphasis on problem " 
solving Instruction shrould consider how the textbook can be used more 
effectively 'to' support problem solving objectives. The following suggestions 

.are not intended to be exhaustive but rather to serve as a springboard to 
additional Ideas. ^ 

1 , Reexamine the role problem_ sol ving assumes in the textbook . 

/Most textbook authors incorporate problem, solving into their materials. 
The teacher's guide for your textbook likely discusses the role the author 
assigns to problem solving^ indicating ^how the book i$ designed to support 
tMs role. Problem solving may be addressed in several ways: periodic r 

.enrichment or challenge problems, starred sections in exercises ^ applications 
emphasis In story problems * special activity sections, special units on 
problem solving or problem solving components {e/g. sol ving^ equations ) 
historical references to problem solvers, and famous or unsolved problems. 

Authors also treat content topics in a manner which supports their 
problem solving philosophy and g^U, A systematic 4-, 5-, or 6-step approach 
may be used in working through Illustrative problems (we do not advocate 
rigid adherence to such a model); some df)pI1cat1ons may be arranyed by 
LupicS (e,y. Lu\i\ ur mixLure prubleinb)^ hlyhl Ightirty and other yrdphlL 
features of the book layout may suggest approaches tu solving problems the 
duthur wishes tu convey. ^ 

The Important point 1b to become aware of the problem solving strengths 
the text possesses and to determine tfie Impression about problem solving the 
materidU are IIKely to make upori studefits. You will be 1n a better pos^ltion 
to determine how to supplement the text with additional activities, whether 
to reorganize topics, what to emphasize or deemphasize, and whether you need 

13u 
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to^^^lde an expanded or alternate approach to problem, sol v1ng than that 
taken, by the book- ^ ' - 

f?. Identify p'reclsely your da ily obj ectives for using problem materials . 
There are different aspe.ct^s of problem solving tftat can be emphasized at a' 
particular time. , Sometimes, the objecti ve^may be to practice a particular 
heuristic such as "write an equation." At another time, the emphasis may be 

V ; ' 

on a specific technique such as solution by factoring. At still another time, 

prerequisite subskill practice § such as finding the LCM for two numbers, may 

*M . _ _ _ . . 

be the central focus. Unless the purpose for study of a particular topic is 

®^ 

clearly identified, students are not likely to appreciate how 1t^1s related 
to the more, comprehensive process of problein solving. A further advantage to 
you is that such identification can provide you feedback about your' class- 
room teaching priorities. Reviewing your list of dally problem solving objectives 
can help you ascertain the relative balance or imbalance among problem solving 
goals within your program. 

3. Regroup problem materials to better achieve your purposes . 
Problems 1n most texts are grouped by type (e.g. time^rate-distance) or to 
practice a technlqjue (e.g, solution by quadratic equation). This results 
In only one type ^ problem solving practices-applying the same or similar 



techniques to^ery si miliar 'problems. But according to Brownell (1942, p. 439), 
"Practice In bolvihg problems should not cunsist 1n repeated expttrlencpb in 
bolving the bdine prubleiub With ttie Sditie techniques, but rather the bolution 
of different probleirib by Lhe» same Lechniques and in the apoTlcatiun of 
different techniques tu the ianie prublein " lu dchltve Uiii end, it may be 



'willidni A. Brownell. "Problefii Sulvlny," Thfe Psychology of Ledrnlnc), Chicdyo: 
Part II of the Fgrty-f^rst Yearbook unheNational Society^or the 
Sfiudy of EducatlorK 
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necessary to regroup practice problems according to the specific problem ^ 
solving goal to be addressed. 

Other reasons to select problems from other sections of the book 
concern motivation and timing. Presenting a problem for which prerequisite 
skills have not yet been learned can establish the need to acquire more 
appropriate techniques and procedures to handle "the problem difficulties 
posad by suqh situations, thus motivating the need for further content study. 
After introduction of particular^ powerfu.1 means for dealing with certain 
situations, many potential ''problems" become mere exercises. Confronting 
such problems before being aware of the existence of superior techniques is 
an aspect of real problem solving wtih which students should have some 
experience. The best techniques are not always known^ accessible, or practical^ 
\ut still the solver must somehow prevail over the problem, 

4, ^ Sacrifi ce quantity for quality In pro blem solving learning . 
Generally in probl erh SDlvingj more t1m§ should be spent on indepth consideration 
of fewer selected problems. Good probleins merit careful examination from 
many perspectives. Different approaches leading to solution, implications to 
other problems, generalization or extension of result{s)s effect on the 
solution by v.dr1dLion of given condltiunb are ^uL a few uf the wurLhwhllti 
activities that can dccompany more deliberate and Intensive study of fewer 
prubleiiib. Mure ofLeti Lhan'ngl, yuud pruLIemb die dfOppeJ luu qui^.kly than 
d^d 1 t w1 th uverlong 

Students car^ hdrdly bu biaint^J Tui af^vwlupln^j a ^up^i [tela I dUlLMJ^ abuuL 
[ji"Ot) letn iuls/lny dud Ifjel! i u^^iJunb 1 1. 1 M I i fur pciiuvcrlny wHfi prubleiuS Wfien 
their experience typically consibtb uf clanking through twenty very similar 
pr^^lfcfiii. By ntiuebbity, tfsey cynic to aspect lo bpend nu mure than a few 
Miilriuteb efrurL wILli eacfi prubleiM In uider Lu i^unipletti Lfie huineWOrk In a 

reasonable time. But dSbignment of fewer prublems (accompanied by specific 
problem solving objectives) can change the focus for assignments from answer- 

ERIC 
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getting to thinking and reasoning activities, 

r ' ' ^ ' ■ ^ ' 

5. , Usg discriminati on in assigning problems. 
All students need not be expected to Tabor with the same problems. , Most 
teachers practice this principle with respect to^more difficult problems. 
However, such a practice can be extended to a broader frame of reference. 
Most problem sets are organized progressively from easy tb difficult problems. 
Some students do not need to spend much time on beginning problems^ but 
very much may benefit from the challenge of more difficult activities. 
Unfortunately, after these students spend most of their efforts on problems 
leading up to those chanenges, they have little time or motivation left to 
really think through those problems which are more appropriate for them* 

There are also some text problems ^ frequently enrichment, which emphasize 
or draw upon particular heuristics or emphasize certain problem solving skins. 
Usually, these problems are appropriate for everyone. And since they often 
permit responses on a .variety of levels, the thinking associated with even 
partial solutions makes them worth the effort and serves to estdbllsh the 
need for acquiring additional problem solving skills. 

Example; hind the number of squares on a checkerbodrd . 

(Hint: there are more than I x I squares pr'caent*) 

Students frequently " ) t ve up to Lhe chdnenyc*' uf dlfflcuU prgblerfis 
(If Lhere are nut too indfiy at une Llmd) exceedlny ukiv e^pdCtdtlunb and Ublny 
techniquei and thlnklrtg that we may not even have coniiderfed. 

Mgw then do you dibcrlmlnate without labeling students "better" ut 
"weaker"? One technique used with some success is to make a conwndn assign- 
ment, but later while moving about the room to adjust the assignment for 
individual students by referring them to the particular parts of the assignment 
they should concentrate upon. Another approach 1s to have a frank discussion 
with the class, about the differences in Individual learning needs, potnting 
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out that some students require more practice with easier problems before 
feeling confident to progress to more difficult situations. Making a 
comprehensive assignment ranging from easy to difficult problems but 
starring those to be graded will permit students to adjust their ^own 
learning styles to fit the situation they are expected to master, (This, 
of course^ requires tarefgl ini tial monitoring to avoid the entire class 
tackling only the starred problems*) ^ . 

6, D'htf^'s s with students the purposes for problem materials . 
Many students have negative attitudes about written problems and about 
their own abilities to engage in any problem solving activity that requires 
indfepth thinking. They perceive their roles primarily limited to exercise 
practice, mostly manipulating numbers and symbols according to a procedure 
recently demonstrated in class. Such attltutles demonstrate the need to 
talk with students about the role that various components of mathematics 
instruction assume 1n their mathematical development. They need to under- 
bCand how skill development and practice, dippllcatlonb, and problem solviny 
interreUte, Specifically, they need to tdlk over why they hold negative-^ 
views abuut bLury prublenib, Tfiey need to find out why they lack confidence 
in applyifjy Lheir bkillb tu Chdllenginy blludtluu^ and Lu learn wfiaL 1t takes 
Lu deveiup ^uch exper Llbe. Mavlrig a frdnk and edrMiebL dtbuuh5iun enables 

^LudtnL^ Lw dw^quire d niui e aLcUraLc ui ide r b Land I riy uf tliy fiature of iiia Lfiefria L 1 
! 1 ' I i ruj dpp I U^a L I ufi u T per bur »d I ^ k 1 I 1 ^ 

LexL [iidLer lalb inude 1 ;3 tor wij^-'w^ ve 1 opmci n t 
Mjkviii'^ uUiJentb ILlque sLury prublci'ih ab Lu filu L 1 Vd L i On . c^untfetiL, dnd 

btruLLure Ldn be benefiuidl to Lhti tedcfier in providing Information for 
Jesiynlriy mure; appruprldte ledrnifiy dcLivlLle^ Ihti exerulse Can dUu La 
uuuHled wlLh the Ldbk of rcwr Uiny Lfie prubleniS after LheSe url Liquet. btuUtn 
can grow 1n their understanding abuuL fiow questions ar^e phrdsed and the 
relationships of given , needed , and requested information In a problem^ 



h;o6 



H,06 



And they win appreciate better the role of insufficient or extraneous 

data in a problem. By observing how student questions differ in style - 

.1 ^ ....... ^ . . ^ ^ 

and format from text questionSs the teacher can obtain useful informatidn 
about students' thinking and how they perceive such problems what it takes 
to m^ke problems more interesting, challenging, understandable, and realistic, 
8. Extend t extbook pro blem backgrounds througti self -developed mat erials. 
Since most textbooks do not have strong explfcit problem sol ving^ strands , you 
will wish to supplement text, problems with self-deve1^ed materials. The 
textbook can still be a primary tool in your efforts* Many times an exercise- 
oriented, problem can be transformed into a problem solving activity with a 
slight modification or extension. . * ' 



Grade 7: Following ts the won-lbst record for the National League 
on July 14, 1965, Arrange the teams In order of their 
performance (best to worst) by computing percentages. 



Chicago 41 46 

Cincinnati 49 36 

Houston 39 45 

Los Angeles 51 38 

Milwaukee 42 40 



W L 

New York 29 56 

Philadelphia 45 39 

St, Louis 41 45 

Pittsburgh 44 43 

San Francisco 45 38 



A slight {Modification to enhdnce Lha problem db d problem sulvtng 
dcLl vi ty : 



llowlny U the won- 1 ost record fqr the National Leayue 
on July 14, 1965, Arrange the teams in order of thefr 
performance (best to worst) without computing percentages 



IcaL iMcitGrldls cdH aHo serve as backyrgunda or data souruei for 
be If developed mdteridlb. Must tabular and graphlcdl lesbun^ In buokb are 
reading, question and response axercises calling for little Insight or 
andlysis by students. However, with supplementary questions, the same 
grdphlcdl or tabuldr iDdteridl cdn be transfornied Into borjaflde problemii 
requiring students to do some critical reasoning. 

However, the most useful purpose the textbook may serve Is stimulub 
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for creative development of problenis similar to textbook exercises but 
requiring better problem solving skills. An algebra unit on linear 
equations might prompt this question. 




(2,4) 



Which of the following equations 
could represent the graph at the 
right? » 

A. X + 2y ^ 10 ^ 

B. y - x2 

C. y - 2^ 

D. 3x - y ^ 2 

E. any of thfe above 

Students typically can produce the graph for a linear equation, but 
many have not , yet realized the unique 1-1 correspondence underlying the 
reverse question (E. Is the favorite student response). 

Using a Text Problem ful]y 

The issue of making better teaching use of fewer problems Is so 
Importara thai an example niustratiny variuub ijses dnd ^xtanbiun^ U wu?^lli 
while. The following dlsaussion is centered around a g^Qnietry lesson 
lfivolvif»9 the uuiiLent tujjfg* the burn ut the luteriui anylcb uT a uunvdA 
polyyun lb y1^/cr» by b - (a d) ■ |dU" 

^ ' ' ll^iL^iiilM. £ Hl^'^^iii iH^l^UM l^Eijl^do l^Ui^ 

k 

taU\ student In the ulas^ \h a^keU lO j .L.uljl.l i.i Jtdv^ 

hfc^dyun (not neLCbadilly reyuldr) arid tu find i hw Sunt of \lh ai.yl^b With a 

prOtrdCLoT\ tdwh btuJent lb then aaked Lu draW tt nlriu aided pu]yyaM and U> 

find the suin of its ariyle^ m the ^awm mdnner . 

f 

The teacher usa^ a table to tabuldLe individual le^ultb ry> ea^rj 
polygon, helping students to discover that, within measuremerit error, the 
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sum of the interior angl-es of convex 6-sided" and^^sided figures appears 
to be constant and Independent of other shape donsiderations (a side 
discussion might ensue later about dfscrepancies inVQlyin'g polygons with 
one or more 'concave vertices). 

Students are then asked to consider, 1n small groups,, the Implications 
of these experimental results and are encouraged to formulate hypotheses. ^ 
that T^ht be tested in some manner and to deci'de'^thl nature of such tests. 



mustrating heuristics : 

Students are told that the objective 1s to study the sums of the 
Interior angles of convex polygons. From students, the teacher elicits 
the information that the simplest polygon is a triangle and the sum of tts 
angles is known to be 180^. Students volunteer names for the next simplest 
polygons through 8-s1ded figures, ; They are asked what they know of the sums 
for these polygons (the quadrilateral will be the only one known)^ It might 
be wise to stress at this point the Invariance of the sum of the interior 
angles for triangles and quadrilaterals regardless of size or shape. Then 
with careful questioning, the teacher should help the class d1 scover that 
they can subdivide ai^y polygon Into tridngles to obtain the angle suml 

Using a- table, students are encouraged to look for a pattern among their 
rtesuits and to deve lop a formul a for the angle siurti In t#mi| of th^ number of 
sides. Succeediny columns in the folluwlny table would be ddded a step at 
d time dS Students appreciate the need to rewHte the- da ta in a different fortn 
to recugnize the pdttetfi required to y^ne r al ize for the cdse with n hides 

No uf sldttb Sum of inlcriuv^S No. uf ^3 Alterridte fonii 



3 
4 
5 



180' 
360' 
540' 



11 



1 - 180 - (3-2) • 180' 

2- 180° = (4^2) ■ 180' 

3- 180° = (5-2) • 180' 



(n~2) ' 180' 
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Extending the problem : 

. Following this period of instruction^, a ^robltni for homework might . . , , 
review. ^he notion of exterior angles and ask whether there is any relationship 
between the sum of ^the exterior angles ^ 
and the number of sides. Students ' 
could^'be given the hint that the 
exterior angle sum mjght be related 
to the interior angle sum. 

■ Sg = 360» 

After discussing the above result' 
in class 5 a subsequent extension 
might- ask students to determine ^ 
t relationship for the skim of tfre 

r 

"total exterior angles" at each vertex 
in tenns of the number of sides* 
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- 360" + nO80 



(n+2)-180' 



rlctirtes^s uf resulting discussions and explordtiun^ dSiucldtdd 
with staying with one problem.long enough to explpre thoroughly Its impl1 
Ldtluns tdr outweigh the di sadvantdges that ^Ludents are exposed Lu ^^wer 
«exerctses The insight and penetratlny appraisals a^^uciated wiifi -such 
extensions prpvide a much more accurate glimpse uf true problem sulvlny 
thdn the mure trdditiondl exercise llit tfiat practices the equdLlun 
S - (n-2)^180" for various numbers of sides ur angle sums and ttien muvci, lu 
the nfext lessdn with scarcely a backward look 

Huweyer, these .kindb of appruacfies take time and, like mQ^L Lc^ufiniqueb 
associated with problem solving, should not be used exclusively. Students 
need a wide variety of different kinds of challenges, techniques, approaches^ 
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and problems to round out their problem solving development. In this paper, t 
we have tried to suggest how one Instructional resource , the textbook, tan 
be used more effect iveTy to accomplish that end. — - 
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. Research 'on° Problein Solving 

-sat the Secon^ry SGhool Level . . ^ " . . 



For many yearSi research on problem solving in mathematics was focused 
the eiem&n^ary school level (and on word problems in particular) .5 . 
During 'fche flast* 15 yeats^.Tio^ver, a'ttentioh has increasingly also";b^en 
directed toward tl^ secondary school level. Moreover^ concern over the 
process of probletf^ solving X es£ gclally the effects of heuristics and strate-- 
gies) has been reflected in the research. 

This report highlights som of the findings which seem relevant to teachers* 
It is divided into three parts: (1) findings about students as problem 
solvers; (2) findings on thie structure of problems; and (3) findings on 
problem-solving heuristics or strategies. 



Findings About Student s^%s Problem Solvers 

\ -^^ . 

• As you might expect* good problem solvers tend to have: 

* relrtively high IQ scores 

* good reasoning ability 

* high reading comprehension scores / 

* high quantitative ability or computation scores (coritribut ing 
to succession numerical problems) and/or high spatial aptitude 
scores (contributing to succeSB on gaomeLric problems) 

(Dodson, 1971;. Hesemdn, 1976; Hollander , 1974 ; Kilpatrick , 1968 ; 
Moses, 1978; Robinson, 1973; Talton, 1973) 

• Oth^r did ra«^ Ler i riL IcB of guud pcubl^ru sol vet ^ Include: 

* ability tu undcLSLand uiaLhfemat Iceil uuucepts and Latm^ 

* ability Cu nuta likeii^ssus, difference, eiud anaiugieb 

* dbillLy Lm i dent if y uLiLlLdl cleiueuLs, tin J La ^elei^^L .ruLL»^t.L 
procedures and data 

- L4blliLy Lu* UuLe iLLeles/aiiL Uc L j i 1 

- dbillLy to e^Li mgi tiiid aiialy^t^ 

* ^blliLy to vl sua 1 1 z& aud in Lc t p I e L .| i i l .1 1 i . - ^ , * i i 1 ... i ^ 
and re 1 41 1 lun sh i p s > 

* ability to switch me thudfe* readily * 

* hlghel" acuiea fut .^^If-e^Leem aAid ^ oii [ i dwii«.,«= , wlLb H-'^'d luUiLion 

ships with otlit^r .iptudenLs 

* Lower scoruS for LCSLanxKLy 

(Dodson, 1971; Hollander, 1974; Krutetakli. l^/b; Hobin^uu, iy/3; 
Suydam and Weaver, 1975, 1977; talton, 1973) 
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. • CapabXe students also skipped steps, ^had a faeliftg for elegant solu- ^ ' 
tions'j ,#nd reversed steps eaiily. Good problem solvers 'tended to" 
forget the dltails of a problem and recall its structural features, 
whereae poor problem . soever s tended to recall the specific details. 
(K^utwskii,. 1976; Sily|r^, 1979X ' ^ 

i Positive attitudes toward mathematics are correlated with success in 
some studies (e.g.* Dodsons 1971) an4not correlated' in others .(e * , 
Kilpatrick. 1968) . = 'i / " 

• Lack of concern about messiness ,or^ neatness has also been uutedVo be 
^related to success on problam soly^ng! (Dodson, 1971) < • 

• The sGrategies or methods by 'which students approached problems^ were not 
consistent for individimls from problem to problems .nor were the' strate = 
gies used similar from problem to problem, Goud problem solvers used a 
formal strategy more often than poor problem solvers, who tended to rely 
more often on a random t rial^and-error strategy. (Robinson, 1974) 

m Good problem solvers took ^ore time to solve nuvfl problems than puur 
problem -solvers .did . (KalmyHova., 1975; Robinson, 1973) 

• The appears to be a differeuce iti Llie w^y in which sLudeuLs Laukiis simplti 
and difficult problems: 

* 0n complex tasks* raiiduui sLc^^js aet^m lu appeai iii SE^qu-feiice . 

* On simple taskSi a gesralt seams Lu operate as -^ii lur^tiui^liig 
principle for solving problems. (Ptiluffo, 1969) 

F indin^ .^ on^ the St rue l u ^ ^i t o I i l^mp 

• A 1 must any prubleui^ can be ut lul^-LejaL lu some sLudeiiLb. Stiidles t^t the 
types of problems studeuts prefjbr indi..aLe no i e lation^hii^ of these 
pref^reui^es Lu p r ub I em=^ yo 1 \/ ing /yucce . (Uuheii, 1977; Traver^, 196?> 

• Many peLaun^ have studied ihe ditlicuXty level ut pLublems by using 
suuh technique b a^s facLur analyniH, rn which tht computer manipulatea 
data Oil ytudeiU^s' answers until the data clustei into a uumber of 
group liij^s » ur by ascertaining the lelaLlunyhip of the data from auy tiiii.. 
factor tu .^veiall success. In gtueLal. such facL.^ry i.an^bu clauylfled 
as maL tieiiuiL lea 1 , teading, and reayuiilag tacL^rs; aauLht-l ca Legu r i /.a^iuu 
is by urder. digital, and proceH?, varlaiJes, (CrOmer, 1 y7 I ; Je rmanS . ^ 
l|/i, l.ufLu^, 1970 , w^bb, 1979) ' ^ ' ^ ^ % 

w Fill lit g a wi" e Ap I uL .J t .1 Ch'e diftliUlty KiVel of ti l^Lge 

number of Vur tablet., iL wasi rejporu.d that no one of l hem auctninLed foi 
a i gn U i a n L ^.u) r L i u 1 1 u r L h^: V a r i anc u , b u L the sy n I ac t Ic t_: u mp 1 e x i t y 
ot wi?rd prublums is a detinitt- cuntrtbuLur (e.g., BeardHlee and Jeriu^iu. 
19/ n I he riLudies fi.ig^t^sC llx^xl ina L hyfiui L i c a 1 achievemenL fuiLui£> 
accuuiiL tui the muHL varlau^.e. ihaglv, 19/8; Webb» 1979) 

m A lau^L teCu^iilZ.u, i . 4^ l ^ u, ;3 , m 1 1 1 i 4i 1 ag ^ ^ L ^ l^*^ *^ U S J^^L .1 al It.l 

Lt,in arc mure diffiL^vlL .iiid^Lake more' Lime to yolye Lharl|p rub I ums with 
no extraneouri data, ^Biegen, Blaitkuuship and hov^t , 1 976; 

Tafardr H77) 
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i ;f It .i^j^i^^^^ not lurprliing that ihe^ largest propDrtion' of correct respbhsea 
5; oec^jre ^rtto 'key^^W as .cues to the procedure or operation 'that can ; 

;^ :bef ^asd'^or ioliit^^^ of sicorrect - answers was^ mucli Smaller 

> when key wards app^a^ed as diatractdrsr indicfiting an incorract bperatton 
^ -^. OT iprbced^^ 1976| Wrighty 1968) ^ V - ' 

■ Whi^ pre-alge^^ asked to sort a collection of word pfofcrema' 

^^A^^^^ VSKP^^. ^ wet;e mthamaticaliy reloads four dlmen^/ , 

J- s^pns ware' Ide^ 0 . ^ . \ --^ ; 

; ; mthema r . . ' ' ' . ^ - -^ 

: V v^^ Qpnt^Ktuai details % v o " : 

• •^'qu^stlon farm ] ■ /■ ■ \, f = / ■ ^ / , 

'^^^rr •^^seudostr^ . . ^ 

^ V Common measiirable quantity, .such as aga bV weight) . 

\h T^f Perceived salience of matharaatical st^^ signif icantly ralatad 

.to problem-solving competence. (Silvar j-4a79) . : : " 

# use of m^nipulatiyr nia^^ dlagramss and similar aids 

V enhante^jichie^fbbab solved correctly. 

(Caldwell, 1978; Nelson, 1975; Sherr ill, 1973; Siiydam and Higgins, 1977) . 

* . the upper elementary Itevelv^ studies do no;if^^ihdibata . that heading is as ^ " 
big a (tetarrfeht as 4^^cp believed. ^ There: af a j of courses some 

\ studies which report; a posltiA^a relatioriship betweeh reading and s ' , 

; on problem solving i but it may not be of sufficient mapiituda to be kn / ■ 
Mcurat& pradlctpr o success (e-g^i Harvin arid Giichrist » 

^ 1970); " In! one^4tuciy, poor reading was not a ftctor in the caae of half' 
. of *:tha stan^rdiEad itest problems salved incorrectly ; on f urth« an^lyslis, ; ; 
it' appeared that tiadlitg difficulties may have accounted for ,.no more than 
10 percent of the errors. Students who could read the: problems simply ^ 
could not solve them* (^ifong and Holtan, 1976s 1977) . i 

. #^^^le , success- h developlhg 'Instructipnal sequences to 

- imprb^ mathemfcical readirtg; abdli l971>w ■ ^ 



Findings on 'Problem-solving HeurlEtics or Strategies 



Research provides strong evidehcetha^ performance is 

□nhanced teafching students to use^ a variety of strategies or hfuristicSj 
both, geneifhl and -specif ic. That Is,; students using a range of 

^ strategies(jvrere able to aolya more prdbiems* ... (Blaktej 1977; . Graham^ ; 1978; 
Pennington, 19 70;'*' Webb , 1979; Wilson, 1968) .. " ■ . 

When heuristics are specifically taught, they are then used mores, and / 
students achieve correct sblut ions more f requeiitiy . ;, (Fowler * 1978; 
Hall, 197te;rKantowski,: 1977| tei, 1978; VQB, iM&): 

Training on a variety of heuristics is necessary so that students have 
repertoire from! which they can draw ;:as Chey meet the wide.-varlety. of 
prdblerts that exist; different mathemtical content evokas different ■ 
strategie.s. Certain ones (e.g. , anyLysls and synthesia) are^ used more-- 
frequently than Qtharsi , (Brandau and ^ossey , 1979) 
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- -f ,yarious = stfategies are used at^^if fatent stagM- in' aolvtog' problems. ^ 
^ua; training on both Integratlbn .Ctte capacity to^ 

comjponanta. in^ a aequetide of; op^ratioris required for probiem sblutibn) ; 
> and evaluation seem to be riqulred for solving problems ■ when either ^ks 
absent, the solution rate did not exceed chaise. v, (Gallo, 1975) . : , ■ ^ ^> 

Flexibility In problem solving is a type of aearhed behavior; Students • 
" exposed ^o a yariety of problems pre able to- make a. amoother^ transition 
: to new prpbl^ms than those who are given practice only on mny similar \ = 
, ptfoblgms. QueetlonJjag ma^ also contribute to the development of ^ 
flexibility in prpblefcrsolving' behaviors, (Cunningham^ 190) 

• The use of regular patterns of analysis and synthesis was noted in the 
^ iolutioni of hlgher-'scortog students,. Jn many cases , these regular 

^ : : pat terns were . vlroediatel^^ by-a goal-br iehted heuristic- Studetit s 

who had no dltectidn tended to establish as mriy facta as possible whether 
they were necessary for the solution^ or not;, (Kantowakij 1977)' / . 

• Deduction .and trial'-and-error. patterns Were frequently found in a study 
with general mathematics students*/ CDaiton5^1975) * ^ 

• A sequence in which problem types/were mpderately varied was' better than 
either a highly varied or a;non--varled sequence (Stunagaysay, 1972) * It 
has been suggested that problems involving related theorems should be 

. alternated so that students are made aware of the essential eleme;its of 
a theorem and do not develop a "set" to use a particular theorem (Smith, 

1973)., " ; ; ■ ■• ■ ^' . ^ ; ^ ^ - : .■^; - ■ . ■ \ V-^ 

• The number of times a student attempted^ to solve a problem was unrelated to 
obtaining a correct solution, Changihg the mode of attack in solving a ^ 

. problem was, however p significantly related to obtataing a eorrect solu- ^ ^ 
/ tion. (Blake, 1977) ; ;^ /; / 

Students at different developmental levels tend to differ In the eKteht 
to which they use particular strategies I for instance^ students at a for- 
mal oparationai level (as defined by Plaget) used more means=ends heuristics 
than did concrete operational students (Grady , 1976) , Formal "operational 
students also used a larger variety of heuristics (Days, 1978), ^ they us^d 
deduQtlons evaluations and systetimtic trlal-and-error strategies on signi-- 
flcantly more problems, = ; ^ / 

• Students who scored high on divergent-type problems mde fewer ganeraliga- 
tions and used trial^and-errbr strategies more often, ,(MaKweir, 1975) 

• Problem-solving skills are improved by Incorporating them throughout the 
curriculumi that is, organizing the curriculum as a sequence of , problems 
In which students induce organizational rules from examples, i (Roman, .1975) 

• Flener (1978) suggestedi 

• Whenever possible * fmbed a teaching/learning experience in a problem'- 
solving format* ^ 

• Think in terms of hints or suggestions^rather than absolute procedures 
to be followed, ^ . 
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• i^perimerit by giving stiicfents lesa help than ustial- ; ^ : ' 

. y po^ridt be misled by tte lmedlate benefits of structi^al [ eKpositpryJ 
; ^ ; / . teaching the : iong-^range bmef its of- teaching throygh problem w 
V . = solvin| may, be- Hlghj^ : y 7 ^ : ' 

• There is no orie optimal strategy or heuristic for problem so Ivlng* But ixi 
his review which focused on this relationship of Instructional method* 
^ Internal' cognitive: activity, and performance measuress Mayer (1974) ^cpn- 
. eluded t^t little progress will be made; until the emphasis on "which . ■ : 
method ia bast" gives way to,,:an attempt to define^ and rdlat^ to one; * 
another i (1) extettial features of ins t rue t ion i j[ 2) Internal featiirea of 
subject chatacterlsticSp (3) activity during learning, and (4) outcome ^ 
- performance • measures . . •/ ■ ... ' 

•It appear^ that .techniques which to "prograra" the solver to fbllow 

' a fixed sequence bf step are not very effective* ^perienc^ and reaearch 
suggest s however J thAt \ certain heuriptic prociidure s which will improve 
mathematical problem--golving perform bferiearned — provided the 

teacher Illustrates how the procedures wprk| gives an^le opportunity for. 
discussion, practice s and reflectloni and aupporta and encour'ages the 
learner ^ s efforts . . (Kllpatrlck, 1978, p,; 191) / 

Almost 40 years' a^, Br b^vTrtell (1942), collated from the research a list of 
sug^atlons for teachers* Three of them seem particu^a!r.ly pertlhe^ 



• To be most fruitful, practice problem solving should not dbnsist 
fin jcepeated experiences in solving the; same problems with the sam 
teqteiques, b,ut should consist of the solution of different problems 
by the same teclmlques and the application of different techniques 

^ to /the: saM problem.. ^ _ : _ j.......: . : i \ 

• A problem is not. necessarily "aolved" because the correct re apon 
has been made* A problem is not truly solved unless the leariter ' 
uhderstands what he or she has done and knows why his or her actions 
w^re appropriate . - ! : 

• Instead bf being '-protected" from error, the student should mainy \ ' 
times be exposed to error and be ericouraged to detect and to demon^° 
strate what is wrong, and why* 
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1200' Chartbers Rd; 
Cdiimbuiv CWfl.; 432^2 



4^ ' ..s;. : : / '\ , ! Special Bullatim 



Dfece^et -1?7;9 

Re search on Calciilat IJf ie s fai Secondary School ^theaa t iea " ^ ; . - 

• K(iaea:i:ch on C'he use of the calculator aa' a tool to aid in mathem ' 
Instruction at the secorrfary school level be^Eft- with a fe\^ studJ^s using [- 
rotary or flect^lc calculators^ aihd iuddaniy. acceLerated ai^^^ 
calculators came into claaifooms. On the .following pagess" 46 at . 
listed* Five were conducted with da^ calculators [AldrldgesCeGh, Gasllnj 
Keough and Burke* Ladd] ; they are included. €lnce their; Mndinga seem rele-^ 
vant. The remainder pertain :hayidrheld calculatota. 

V Of the 46 atudless 35 were experimeM suryeysj and X CJaweliy 

was a curriculum* analysis p The yarlance in quality is greats as, with mqat; 
Sets of studies y conducted under :viryi^ on 
the/^effmtts of ualng d^^ arose i for ; 

only 12 were, calculatqr^apeclf Ic taaterials developed. 

' Eight of the ejcperimentai studies mre conducted with gentral mathe- 
matics classes * while only three involved, algebra, 1 claaaee. The u^ 
calculators with low. achievers; or or reTOdial wor!k=^ appears to have evoked 
more. research atttotlonrthap^the^ useOwith the cplleg 
indicates that tHerii ware the foilpwin^/number o studies at each levtli 
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grade 
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grade 


9 - 


- 20 . 


grade 


10 - 




grade 
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- 6 


grade 


12 - 


- 5 



Almost no attention was given to prdblem abli^ing eKcept as a component 
pf standardized achievement test . Only two studl were focused on analy^ 
sis of the learning processi the rest were concerned with the variable of 
achievement . ' . ■ 
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AidFjLdgea ^anda. Scott • Effetts of ^Cklculatorf pn-^Ajchleye^ > 

; «^nt-of Middle Schaol Remladlal Matheiytice^ Studen^ . ' 

} 6f Ge&ipgia, 1976.) Dissertation Abstracts: IntjatDa,tiQnaK :"l37Ai ' i / 
: 4^078 r Janu^ty .1977, ''^--^^^ v^^^^ ^ - ^ ^ , : ; 

^^.y Mgh^*- three middle_schoal / remedial _math studenti ■ uied; caleuiatprSi'^ 
' ^^a they worked ^through Iggsdns in the; Computatlonaf^ktlls^^^ 
f nibnt Kit bn an' Individualized basis^ f^ 90 students 

did all thW/re^ultfe Results on 

^ ^ a standardised arithmetic^ sKilla posttest showed that the non^ ' ; 
calculator, groups scored significantly higher (p <. 001) than the. 
caleulatdr group. Elj^th grade^svln the palcula:tor group sdbred:^ 
hlgher^tha group, ^ hqwe^^ri --^^^^^ 

[Adhiavementp Daak calculatdrss Elementaty (grad^ 
(grades 7-8) ^ ReTCcllali Rs^e^rch] ; ^ 



Inderson, Lyle Eugene,^ The Effects d|: Using Restricted and Unraatr^ ^ 
Modes pj Presentation with Electioftia Calculators on the Achievement 
^ and Attitude of Seventh Gr Pupils. ^ (University of Denver, 1976.) 
5. Dissertation > Abstracts International 37Ai: 6321-6322| April 1977, ^ 

Three sevpnth^grade ^mathematics classes the same teacher 

were randomly selected at each of four schools for the 20rweek. studyt 
One claas: in eachL school was permitted restricted use of calculators 
(for checking pap^er^and-pencil computation and as an aid in problem 
solving); a :socond class was permitted ;unrestrlcted fcalculator use, 
and a third class was not permitted to use calculatorss Pupils using 
: calculators showed improved attitudes toward mathematics: but no 
V - change "in achievement^ understand concieptsV or ■ T 

computational skill, * On an untimed probleni^solving test, pupils 
using calculators solved problemi correctly at almost twice the rate 
of pupils not using calculators i ^ : * 

[Achievem;ent p Attltudaa, Junior high (grade 7), Research] 

llijffi€t Glendon Wf and Itttehall, Qiarles 1, The Calcul^or's Effset on . 
. Qilldren^s Solution Processes . . Paper presented at NCTM 57th Ajihual 

: Meeting, 'A^ril^l979i ERICs- ED 170 166; ; ;'\r./ - 

lliree preliminary a tudlas and one exploratory main' study invastlgatad 
the effect of; calculator uaa oh students at a variety of grade levels, 
\ For the 83 elg;hth-grade studants In the main study, there was a slgnl* 
ficant association between calculator use and choice of the longar 
.solution method on 5 of 7 Items, The heucistics of slmplication and 
application of a stimcture property: such as dlstributivity appear to ^ 
be calculators-inhibited racher than calculator^enchanced the 
. absence of specif ic instruetion designed to encourage their ^ae In 
conjunction with calculator computations* The niflnber of errors in 
conceptualization of the problem does not- appear to be affeeted by; 
calculator use, 

[llfeffientaryt Research, Secondary,, Solution Mthods] 
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/ ';^Ufte 4!^:H^-H^#^^^^ In'^igh Sctido;l:^^ons Mathematics . 

^3 Clfrssas:f^ -(The Louisiana State Unlvefsltj^ and^ C 
^ " MeehEnlcal College', 19 7f. ) ^ ^isservtaclon Abstracts Ihternatloftal' . 
. ' 38Ai . 2625^1624 ^Novepfiar 'l9^V ; . ' ^ / -^ ^ - ^^-^^ ' ' ^ -.y v,- ^ 

' 19 wefska,; *^/gr6up of 51 twelf th-^grada eefhsunar^^Bl 

' ; BajCheroatlQS styde^ts usad calculatoi;^" to perf o™ a 
^ whil€ a group of '43^gtudints ua - 

xtfethodss No significant di^ffetenfie^" in mathematical ; prdtileifl^ * -^^'7. 
aolvlng atfhievement >or in attitude: toward mathematical were ^fou 
between the two groups. ^St^ong posttive attitudes toward the^^ u^ 
-of- calcula tore-J.n^ th^. tlasarootn- w6fe f byrid ^~ . . 

[Achievement p Attitudes, Constwner mathematlcaA Reaeirchp Secondary 
iiTBABV2)2^ _r ;■ - ; ; / .- : . ^ ■ ^ : {^'y:\'--' 

" ■ . ' ^ ■ ^ ^ " ' -■ .• ^ , ^ ' _ , - . ^ . ■ ^ 

Caoh^ Joseph Philip, The Effect t^ Use of Desk Calculatbri Has on 
V Attituda and Achieviaent in Ninth^Gfade General Mathematics Claaseii 
^ ; (In^iamAUniyarslty i;^^l ) Dlssertation^Bitracts International < 
31A: - 27.84; ^December 1970, ■ / ' T :V 

(See alioi- decK, Joseph P» The Effect of the Use of Deito Calcula- 
. tors on Attitude v and Achlev.emeht wi th Low^Aqhieving Ninth Graders * 
' - Mathematics Tgacher 65 g : 183-186 1 February XBll^) ^ ^' : V / 

The two main reasons for using calculators, with low achievers in 
mathematics classes are motivation and achievement * This ■study of 
calculator ^effectiveness involved^two teachers each teaching a ^ 
calculator section and a 'regular section of general mathematics 
f or seyen weeks^/ S t uderl tsT in the eKper imen tal group war e encouraged y 
but ! tiot forced, to check answer with the cilculatorSr All classes 
were given pre-- and posttests of attitude and achievementp' ftesults/ 
did not . support the hypothesis that students using cal^^ would 
: show positive gains In attitude toward mathematics » or increased 
paper-*and^pencll coraputational skill. Students eould compute better 
with the. calculator than wtthout it, lioWfevert k / 

[Attitudes, Desk calculators J General Mthem Low achievers, - 

Research,? Secondary (grade 9)3 . ' . . 

Chang, Lisa Li=T2e, Mi Ebcamination Into the Effecta of Calculator- 
Assisted instruction on the^ttothamatics ^Achievement and Attitude of ; 
Seventh and Eighth Grade Disadvantaged StudehtSii (Cornell Univer^ 
sity, 1979. ).j ffllssertat ion Abstrafcts Internationkl . 40Ai 1323-1324; 
September 1979. ' r ~ . :^ : : . 

Students (n ^ 126) in, grades^ 7 and 8 were randomly dlvidetf into two^ 
groups. For 24 weekSt one group had calculators available during^ 
lessons, .but not on tests or for taking homej .the other ^roup used 
only paper^ and pencil./ No. signl^ groups ^ 

:'■ ^^^^QTB found on GOT^utiatidns concepts, or attitudes; a highly slgni= 
f leant differencfr on problem solving favored calculator grotip. 
Use of dalculators did not seeiil to- affect the seventh graders in 
Improving their ar^s of learning difflcultlesi but eighth' graders , 
seemed to benefit on some topics.. . 

[Achlfevement, Attitudes, Junior. high (grades;. 7^8) ReTCdial, J^e search] 



F^araW > ^ A ;Study of the Elf eet 'HaAd^Calcul^ ' „ 

Achf^ement , •,Sstlmatibtt-and Retentipn bl Seytntli^^nd Eighth Gra£leri^ 
V . ott Decimals aij^^Percerit^ \. 
- ' Piaser Ca t l5n -Afett-ac ^nter^g^tlonal^ ^ 39Aj" 6004 r April ^ 7§ . , ; ' " 

, , Students .f rom fbyc 'SixeW ^smltnth-f and eif fi ch-?grade ciass^ par t icl*^ 
paced; Mter c^&gpfig into high,, middies arid low atiMevement". 

' / livels i classes-i^^ two teachers r Each HE^ taugWt 

' on^ eaXculator non-ealeulatorrclas 

'\ the firtdings indicate that students' uslng>^lc\^^tbrt-^n3^ 
^ calcuiatbr^mter±als,,detn^ aignff Icantly jr;eaterl}ga|rts t 

did npn-calculatpr§s^^^^ on measures of decimals and percent, 

-^-T^- ; dif f eT^nQe^x'^n^re^ re found In at:hleveSen t or ; es^l^^ 

CAchiayemehtt beei high (gradea 7-«8| ,'- ; : 

P©rca^ti..^Resea^ch3 ' ■■. 

.FlBchmani Myrria LeaiK, |e«t^rk^:City High Sicifeol Students V Attitudes and 
Concept Learnings ln%usi^ When Using Eiectronlc Calcu- 

^ lators as Contrasted ^^If^^and Gilciilati^^ (Neti? York Unlvfarsity, : 
1976, ) Dlfssgrtatio li A t a & t s Jri t e rn a t lo na 1 37Ai 774-775; August 

vi97fr, .; ; "^'~~^''^Tr'"Wvf . . / .< ^^'.^ :. :l : - 

Gasllg,^ Klliiam Ltt^ A CMparispn of Mhieveineh^ and, Attitudes; of 
Students Using CbriVent C^beula:tor-Based Aigorithms f or U 

V Op^ration^ .om.^ In tJlnth^Gtade General 

"Hathematf^Sr ^ rtt IntematlbTial ^ 33Ai ^2217^. 

NovGtnber 1972, " ^-'Vy-' • • '■ ■ •' • • ' ' ' ^ . V ' ■ ■ 

(See^alsQi Journal for Re^arch in Mat^hematlcs Education .A^- 
95^1081 March 1975, . ".1. i^^ . ■ ■ ^ ^ - ^ . ^ - "^ ^ ; - ' ' 

Use of .units in which fractional numbers wer^ converted to 
. decimals and examples then solved on a calculator was €&urid/io 
1^0 a "viatic alternative" to use of conyjeritlonal teKtbooks ■ 
(including fractions^ with or without a calculator, for low-^ / 
ability or low--achlevlng students* , ' ^ / 

X^S^^^ithTflSi De ^Gfenerai matheMtles, Low achievers, * 

-Si tlonal numbers, Reaeareh, ,9ec^ndary (grade , Units] y ^ >k 

Gallery, Michafel Edward, TeachiJig Calculator Use affd Ch^ . 
Skills to the Mildly Handicapped, (UCah State University. 1978. ) 
Dissertation Abstracts Interna tipnal ; 39A: 2866; November 19,78. 

Two. ''packages" on calculator skilis and onv^ checking account skills 
we^re evaluated Vith'\J8 . stude^its %dm six high schools arid two junior 
high schools, Eighteeri studehts^^eteived inst^uctioh on the packages, 
whiie 20 stpd^hts were In the /coifi|rol group, one-way analysis of " 
variance indicated that the diffef^nce between, group means / 

for both packages si^iflcaritly f& the experimental group., 
H6\^ver, the 'mastery ^riteripn ; waf either package, ^' 

[Handicappedi Junior high, Resgarcfts Secbnidary., UnitsJ = 

• . ' . . , ■ , . . ■ ■ ' ■ . ^ 

, • ■ . ■ \f . . V ... ■ , 'l^ • . ' = ■ 
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Graabar,^ Anna^ 0,1 Rim, Eul=Doi and Unks, Nancy J. A Survey of Class ^ 
room Pjractlces in Mathematlcsi Reports of FlrstV Third, Fifth and 
S.ove_nth Crnde Tea c Hers In De 1 awa^r_e_j New Jersg y, and Pennsylvania , 
PliiladalphiaV Reseatxh "for Better' S^to^Is^ Tnc/, 1977, | 

In a survey in 1977 of 1, 343 ceachors in' grades 1, 3, 5, and 7^ 
questipns on calculator use were included. (The percentage of 
taacHers who had used calculators was* 3,9 parcent at grade 1| 
8,4 percent at grade 3, 19.4 percent at grade 5, and 25,6 percent 
at grade 7, In the first Igra^, calculators were used most fre- 
quently for drill- the nexV^three most frequent usages were for 
checking, motivation, and remediation. Use of the calculator for 
drill decreased with grade level. Above first grade, the most 
frequent use was for checking » with motivation and word problems 
next most frequently reported used. 

[Attitudas, Research (survey), Roles, Teachers (grades 1, 3, 5, 7)] 



Hopkins, Billy Lynn, The Effect of a Hand^Held Calculator Curriculum 
in Selacted Fufidamentals of Mathematics Classes. (The University 
of Texas at Austin, 1978,) ERICi ED 156 496, - ^ 

This s.tudy Investigated ^ the effects on achievement and attitude 
resulting from use of a calculator-based curriculum and calculators 
In nlDth-grade basic mathematics (in which students were at least 
two grade levels behind In mathematici achieveffient) . Twelve 
classes from three schools were randomly assigned to either 
ealcuiator (n ^ 83) or non-calculator groups (n ^ 84) , For four 
weeks, teachers used guides prepared by the investigator to teach 
asCimationi computaCloni and problem solving using the four opera- 
tions with whole numbers, One^half of each group was randomly 
selected to take the posttest with calculatora available, while 
the other half did not have calculators, Data were analyzed by 
. analysis of covariance. Students using calcuiator^ in instructiun 
scored as well in Computation and significantly better in problem 
solving as their peers not using calculators, Attitudes were hot 
significantly dlffGrent, Students using calculators on the post- 
test did significantly better Xn'both computation and problt?m 
solving than students not usirig calculators, 

[Achievement, Attitudes, Basic mathamatlcs, Estlmatlun, Mixed 
operaClons, Problem solving, Research, Secondary (grade 9), Unit&J 



Button, Lucreda Aun Williams, Tlie EffecLa ut the- Uae of Ml u 1 Ca i <=u 1 ^ tu t a 
on Attitude and AchlevemenL In Mathema|ics. (Indiana University, 
1976.) D^lss ferta t ion Abstr acts Tnrernat i on^^ l 37A! 4934; February 
197 7 . 

A Via it uii power. itjots. ^nd radical & w^^ studied by one 

group of nlnth^grade 'algebra students who had traditional Instrii^-- 
tlon'wlth no calculators , a second group who had traditional 
Instruction but could use Ciilculaturs during class, and'^a third 
group who had special tfiUulator i ii.s t rue t i on plus access to caK^u-- 
la tors during class. No dlfffe^rences were found wiien groups were 
compared on acbluvdmenc or attitude * 

[Achievement, Algebra, AttltudeSp Powers, Research, Roots, 
Secondary (grade 9), Units] If 
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Jamiklj William Donald, The Effect of Hand Calculator Use on the 
Achlavefflent "of Seventh Graders Learning Rational Number-Decimal- 
Percent Conversion Algorithms, (Indiana University, 1976) 
Dl s^i er t a c 1 6 n Ab s^tr a c t s^_T n t g r n n t i p n a I 37A! 493^^4935 | February 
1977/- ' 

(See also' Jamskl, William D, The Effect of Calculators on Achieve- 
ment, m'nc Journal 13: SZ-^se; Winter 1979. ) 

Three classes of students at the seventh'-grade level used calculators 
during a four-week unit ^on finding equivalent forms for fractlonSi 
decimals^ and percents, while three other classes did not use calcu^ 
lators. On an imraediate posttest a significant difference was 
identified between groups on items involving conversion from a 
simplified fraction to a decimali No differences were found 
between groups when a retention test was given, 

lAchievement , Junior high (grade 7), Rational numbers, Research] 

Jewell, Wallace F, , Jr. Hand Calculators in Secondary Education:^ 
Evaluatlonj Analysis and Direction, Unpublished doctoral dlsser-- 
tation. State University of New York at Buffalo, 1979.) 

The purpose of this study was to analyie and evaluate present hand-* 
held calculator uses and materials and propose possible directions 
for their utlllEation In the near future. Also includad is an 
analya^ of the usual high school mathmatlcs curriduluffl of 

elementfary algebra, georaetry, intermediate a Igebra- t r igonome try ^ 
and elementary functions with regard to calculator Implementation* 

[curriculum^ Research (review) , Secondary] 



Keough, John J. and Burke , Gerald W, Utill^ln^ an Electronic Cjlcu - 
lator t o Facil itate Ingtruc tlon In ^Iathematlcs in the llth and _l_2th 
Grades . Final teport. July 1969. ERIC^ ED 037 345, ~~ ~ 

The group uaing calcu^fators ac^ileved significantly more on a 
standardized test than did a groUp not using them, 

[Achievement, Desk calculators^ Research, Secondary (grades 11-12)^ 

Kolpas, Sidnfc:y J. TIj^ Use of ElecLronlc Calculators as In^Class 

Inst run t innfi 1 Aids in a Nlnth^Grade Arithmetic Program, Unpubilsiied 
doc t or a 1 d Ihsw r ca t i on , IJnivGrsity of Southern Californl^i^ 19 78. 

Eighty II i n L h L luw- and uii Je r ^=ac h i eve i ^ in tout a r 1 L tunt; L 1 

classes partlcipatt^d i.n this 20=week study. Tti^ tww axpa rimt^n l a i 
classes used calculators as Inn t r uc t iona 1 aids and,, as the sole 
so 1 u 1 1 o M - s o u r c e for 50 p u r c u n L or for 75 ^> r c e i ^ t of each 1 n-c 1 a a 
ass i gunic-n L , whilfj ciiJnLrol c^la^suH (frum another school) did noL 
use calculncors. The Comprehensive Test of Basic Skills was giveii 
as the pre- and ppsctest, and a researcher-^constructed test was 
completed twice (glr^t by hand, then with calculators to correct), 
No signify t. ant dl Pyrenees wure found on the standardized teat; ^ 
signlflrnnt d i i f o runci's on the i fscnrt [ujt -coiistrurted test favoied 
the experlnn^n ta L groufis both with aiid without calculators, 

rAchievf ment , Low Acblevt-rs, Remedial, Research, Secondary (gradu 9), 
Testing] ! ' J 

( 



Laid, Norman Elmer, The Effects of Electronic Calculators on Attitude 
and Achievement of Ninth Grade Low Achievers In Matheraatics, 
(Southern Illinois University, 1973 j Dissertation Abstracts Inter - 
national 34Ai S5a9; March 1974. 

Two^hundred-one low achievers were randomly scheduled into one of 
five control sections or one of five experimental sections. All 
groupa followed the same lesson sequence, with control groups using 
©nly paper-and-pencil for all calculations and experimental sect;tons 
using electronic calculatorsp Significant differences were found on 
both attitude and achievement tests from pre- to post-treatment for 
both 'groups, but no significant differences in postcest mean scores 
' were found between groups. 

[Achievement, Attltudeai Desk calculators. Low achievers, Research, 
Secondary (grade 9)] ^ 

Laursenp Kay William. Use of Calculators In High School General Mathe=' 
maticst A Study Comparing Achievement, Attitude, and Attendance of 
General Mathematics Students Who Used Calculators with Students Who 
Did Not, (Brigham Young University, 1978 J Dissertation Abstracts ^ 
International ^ 39A: 733; August 1978, 

From five schools with 18 general mathematics classes which had 
classroom sets of calculators, nine classes were randomly assigned 
. to use calculators while nine other classes used paper-and-pencll 
methods of computation. Analypes of variance and covariance using 
pre-posttest data Indicated that greater gains were made by 
students using calculators. However, no significant differences 
\ were found in attitudes or attandance. 

[Achievement, Attitudes, General mathematics, Reaearch, Secondary 
(grada 9) J 

Lawaon, Thomas James. A Study of the CalculaLuE aud Aitarad Calcu- 
lator's Effect upon Student Pare ept ion and ULllization of an 
Estimation AlgorLthnu (SLate University o£ Naw York ac Buffalo, 
197 7,) DlH ser c at iun Abs L rac la Inl crnat luri^a 1 39 A: b4 7; August 
1978. " " " 

SevenLh- gi dt-ife sLudcntS from one Juulor high ^diuol weiu rauduinly 
asslgnod to u,^e papfc-r and pencil, a f o»r-- f uiic t Ion ^.alcuiator or 
an alccreU calculator (with the furu-tlpn of the fuur operation 
keys maskfcti) , The four-day "inLerlm work experience" was a 16 i Lem 
comp u L fi t ibna 1 i ask . Usin|'^ ^iialysjiy L^f vatiaru e, IL w.iS fuuud Lfiat 
(1) computa t Iwnal ability uor related pusltively with ability lo ^sli 
mate, (2) the treatment had no effeci on estimation ability^ (3) 
studc'iiLs with low c ompu ta t li..nn 1 abillLy i^iade the greatest nujubei ut 
errors wfunn u.^iing ca it u 1 a tuis , ^iiid (4) altering L he keyboeird had no 
significant overall effect on ability to use cai cul cjtors . Videoiape 
analysis of student.^ working indicated that many did not u;?e astl-- 
matitui tu Verify answers. TuLerview i n f ormd L i on Is also provided, 

[Es L Invej t i t.'ii , tuiii tunctit.ui t. ei 1 t_ u 1 a Lu i S , Ktiscciith. Secundtiiy (giTgade / jj 
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Lenhard; Rodger William, Hand»Held Calculators in the Mathematics 
Classroom at Stuart Public School , Stuart , Nebraska, (Montana 
State University, 1975*) Dissertation Abstracts Internatlonai 
37Ai 5661; March 1977, ' ' 

Analysis of at leas^ eight tests taken by 125 students in grades 7 
through 12 showe'd no differences in performance between those 
using and those not using calculators during the test on test scores, 
concept and coc^utation errorss attitudes, time, and rank. 

[Achievement, Attitudes, Junior high. Research, Secondary) 

Lutidar^ Dennis A* The Impact of the^ Calculator on Test Anxiety for 
^ High School Consumer Mathematics Students, (University of Denver, 
1978,) Disaertation Abstracts International 39Aj 6607; Hay 1978, 

Consumer mathematics students (n ^ 159) in grades 9-12 in three 
schools were randomly scheduled into two experimental groups 
(using calculators) or two control groups (not using calculators) , 
One experimental and one control gcoup used calculators on the 
posttestj while the other two groups did not\ Analysis of covar- 
lance indicated that allowing use of calculators on the posttest 
Iniproved achievement. The group using calculators for instruction , 
and the test scored higher than the group not using calculators 
for instruction but using them on the test. Test anxiety was also 
axplored* use of the calculator did not significantly reduce, anxiety, 

[Anxiety^ Research, Secondary (grades 9-12), Testing] 

Parks, Terry E. Calculator Survey, Shawnee His^ion Public Schuols. 
Shawnee Mlsaion, Kansas, 197 7. 

Results of a calculator survey on availability of calculaLurs to 
K-^12 students and on parent and teacher opinion toward the use of 
calculators in the classroom Is given. Data from both 197i and 
1977 are cited. 

[Attitudes, Elementary (grades K-6) * Reseaich ( 
(grades 7-li) ] 

t^ieisOB, RoberL E._ dnd Capoferi, Alfred. ly/i /t Fiaser Higli bc-liuul . 
Mvicomh Inctirmc'di ^tt School DisLrict PrujecL: Study on the Use of 
Haud-Ht'ld Cah ulaLms in Pic- Algebra (Grade iu), AlgebLa 1 (Grade 
10), and iiUt-rnu-d iaie Algebr.i (Giade 11), tid^^-i, Michi^au: 
Ftast^r rubiic School ui.ycrit.L. 1976. 

A g cM 1 a 1 [J I v.; I c l: L d f ^ -s c r i j.) t i L.J i I Is [ f t u v 1 J u d u .4 1 . ^ ^ b a <= i v t_i l i 1 1 . and 
calculatoi aLCiviLfes aad prut-lcuiS are rep^^itud f..r each of 
macheraat Ica groups . 

[Algabra, Research, Secondary (grades lU-li)J 
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Qu Inn, ' Donald Ray, The Effect of the Usage of a Progranmable Calcu- 
lator upon Achievement an3 Attitude of Eighth and Ninth Grade 
Algebra StudentSs (Saint LquIs University, 1975,) Dissertation 
Abscracts rnternatlgna^ 36Af 4234-4235', January 1976* 

Th6 prograimnable calculator was used In eighth-^ and ninth'-grade 
algebra c lasses for evaluat ing a Igebralc express ions and for 
solving linear, quadratic, and systems of equations* Findings 
showed no significant differences "in achievement when performance 
of studenC^in the calculator classes was compared to performance 
of those in non-calculator algebra classes. However, scudents ±p_ 
the calculator cifsses showed less "anxlGty -toward mathematics'' 
and had better "self-concept in mathematics*' than students in 
non--calculator classes^ 

[Achievement J Algebra, Anjciety, Junior high (grades 8-^9), 
Progrmmnable calculators. Research] 

Roycei George and Shank, James, Calculators in the Classroom? 
Scien ce Teacher 44 i 23-25; October 1977, 

The results of a student attitude survey among junior high school 
students who had been allowed to use ca^lculators to check mathe-- 
matics computations are reported. Signiticant preference for 
using calculators in the classroom was displayed, 

[Attitudes, Junior high, Research (survey)] 

Rudnlckj Jesse. Pocket Sized Calculators Versus Seventh Grade Math 
Students. Philadelphia: Tempje University, May 1978. Multlllth 
copy, 

ApproKimacely 700 seventh--grade students In two schools were randomly 
assigned either to calculator or control groupa. Each of six 
teachers caught two eKperlmental and two control classeis using the 
regular Lt-'Xtbook. Students were "'on chelr own" as to how and when 
thoy used calculators; they kept logs of when and for what opera-- 
lions calculators were used. No significant different. b in cumpu-- 
tatloual skills wa^ found betwecti groups* ALtltudtis of students lu 
both groups varied little, PareuLal attltudeaj however, changed: 
while 30 porctnt ojjposed the use of calculators at th^ outset, only 
33 percent werc^ opposed at the end. At the statt, 49 percent telt 
that their c;hlldrcn would become highly depcfuJent wO the machine, 
while at t fie end this number dro^jped to 22 percenL, 

[AttlLudc:^, JunlwL tii^h (gLci4e 7), K.,se..L-chJ 

or Fo^? ^LLLlltii^LkL 6^^-65^^ De».timber 1976 

The effect of thu avallablliLy and uiie of d caluulator on aewixLh 
graders* mti t hema 1 1 c h achieveinfeuL wan sLudicd. Prelimliiary findings 
on parc^ntnl attitude coward the use .^f calculaLors and on student 
achie vemf-n t B re ^1 i ...ciis.sed . 

f Achievement , ALtltudes, Jiiulwr til^h (^Lode />, Ke3eai=^,iij 



Schnur, James 0, and Lang^ Jerry W, Just Pushing Buttons or Learning? 
— A Case for Minicalculators , ArlthmeCic Tencher 23i 559-562; 
NovGmber 1976, 

A study of Che affect of the use of cafculators on student computa- 
tional ability is reported. Results showed that the traattnent grouDs 
using calculators gained signif icancly more whole number corapucaciona 
ability than contrq^ groups not using the calculator. Sex of 
studmt and calculatlor usage interaction was not significant, 
nor was the interaction between ethnic/economic background and 
gain in computational ability, 

[Achlevament ^ Elementary (gradas 4-6), Junior high (grades 7-9), 
Research] 

Shlreyj John Reginald. The Effects of ^Computer-Augmented Instruction on 
Students ' Achievement and Atticudas. (University of Oregon , 1976 , ) 
Dissertation Abstracts Internaclonal 37A: 3386«3387; December 1976, 

Tenth, eleventh, and twelfth graders In consumer and business mathe^ 
matics classaa ^ werjE randomly assigned to receive computer-augmented 
instruction or a low^co^c alternative using tables and calculators 
to complete inquiry exercises. The instructional unit covered nine 
days. Results showed that the calculator group did aignlf icanc ly 
, more inquiry beyond the minimum required than did the computer 
group, 

[Business mathema<ftcs, Consumer applications. Research, Secondary 
(grades 10-12) ] . 

Suydam, Marilyn N, Electronic H and Ca leu la toi s ^ The Implications for 
Pre-CoU ege Education , Final Report, Grant No. EPF 75^16157 , 
National Science Foundation, February 1976, ERIC! ED 127 205 
- (full report); ED 127 206 (iU^page form), 

Szecala, Walter, A Study of RaLlo ConcepLs, Skllla, and FLoblem Solving 
Using CalculaLors In Gradfe 7. 1978. Xerox copy. 

This study was concerned with the use at non-use ot calt^ulaLucs by 
39 students in grade 7 who used speeially designed lessons to 
Increase: Involvement in measuring accivltles. There were il days 
of Instruction, On two tests on Latlo skills, concepCSj and prob- 
lems and un A test of attitude tuward learning ratj-os, no slgnlfi^ 
cant diff^rcMucs Wt^-re fuund, Un a Leist with uufarniliaL rgiLio 
problems ow which ttie cnlcultiLut class used alculators , they 
scored significantly higher than the non^-ca Iculator claas. 

[Junloi hlgti (\^rade /), Haiiur^^ KestaLc^hJ 
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Szetela^ Walter, Hand-Held Calculators and the Learning of Trigono- 
metric Ratios p Jnivrnal for Research In Mathemntics Education lOi 
111^1181 March 1979. - . . - 

The invest tgacor and the" regular teacher used spe-clally designed . 
materials for teaching trigonometric ffatlos to 131 students In 
grades 9 and 10' randonily assigned to groups using calculator-based 
instruction or not using calculators for 13 days. Students built 
their own short trigonometric tables using Tneasurements of , specially 
constructed right triangles. On a quiz one week before the final 
- achieveraent test, the calculator groups scored significantly higher 
than the non-calculator groups (,02), There were no significant 
differences on the'final achievement test or In attitude toward ^ 
learning ratios, 

[Rasearch, Secondary (grades 9-10), Trigonometry] 

> 

Toole, Betty A, Evaluation of the Effectiveness of Calculator Assisted 
Curriculum and Instruction In Ninth Grade General Mathematics Classes. 
Paper prepared for AERA Meeting^ 1979, 

The use of a supplementary calculator^asslsted program, used one day 
a waek in six different Junior high schools (N - 400) for ninths 
grade general mathematics was compared with non-use of^calculators 
in that course. In the six-month period between pre^ and posttest- 
ing, the experimental group gained 8 months more on the total test 
than the control group did. On subtests, the experimental group 
' gained more than the control grdup in computation (7 months) ,^ con- 
cepts (5 months), and applications (1 year), 

Q O 

[Achievement, General mathematics. Research, Secondary (grade 9) J 

Townsend, Gloria Childress. The Effect. of Programmable Calculator Use 
-on Probability Estimatioft AGtrievement aud Attitude Toward Estimation 
of StudantB in Second Year Algebra. (Indiana University, 1979 0 
Di ssert ^tlou Ab stracts International 40A: 1936; October 1979. 

ITiree aecund-year algebra claasea used 10 d^ys tu Invf^^Ligat^ 6 
Herles of probability exercises. The ^tudent-programning group 
e^Limateid answers and then wrote their own programs to verify thi^ir 
e-^timates . Tha teacher-prugraramlng section used th^ t^ach^r 
programs tu verify estimates, while the conLrol group received lU^ 
results uf a hypottietical experimenL to verify estimates. Som^ 
diff^reuce ill t-st iiiiaL ion achit vem^tit wa^ noted for the stuaeut- 
programming g^^uup; attitudes were ^i^uif icautly beutet than in 11... 
control group. 

gtaOToabi^ uai. ulaLur^, ReseaL-t.h, ^^ecuudary (^^ ade ll) ] 



I 



KJ3 



Vaughn, Larry Richard, A ProhlGm of che Effocts on Hand-Held Calculncors 
and a Specially Designed Curriculuin on Attitude Toward Mathematics, 
Achievement irt Mathematics » and ReCention of >L^th€matlc^l Skills, 
(University of Houston^, 1976,) pissertatlQn Abst^racts International 
37a^ 493,8-4939 ; February 1977. ^ 7~ 
(See alsQS Creswell, John L* and Vaughn, Larry R. Hand--held Calcu= 
lator Curriculum and .Mathetaatical Achievement and Retention. Journal 
for Research in Mathematics Education 10* 354=367; November 1979.) 

Four ^ninth-grade general mathematics classes used calculators as they 
studied decimafs and percenCs for eiglic weeks 4n a spec i ally-desikn^d 
curriculum, while four other clasi?os received traditional instruccion 
with no calculators, Resul C s sliowt^d that thu calculator groun scored 
significantly higher than the nn=c^i] culntnr i;rniip on an aclilcvLnont 
test, but no differences between p^roups Vi'-re found with respect to 
attitude or retention of matherriat ica 1 skills. 

[Achievement J AttltudeSi Decimals, General matheraatlcs, Percnnt, 
Research, Secondary (grade 9)] ^ 

Wajeehp Abdullali. The Effect of a Progr^^ of Meanliu;lul and R^levaiiL 
Ma t licma 1 1 c s on the Acli te VLMnen t o f ttio Nintli Hradtj Ct.Mieral Mathe^matlcs 

i 

Student, (Wayne State University, 1976,) YHn Bvr_t n t i on Ab s t r a. c t s 
In_ternat Innal 37A^ 280U2802 ; November 19767 ' ' 

The group of nlnth^grade general mathematics students using an 
invas t igat or-deve loped unit plus calculators for 15 weeks scored 
slgni f icanc 1 y higher (p < ,05) on a standardized computation test 
than the group using only the developed unit| but there were no 
significant differences in attiLude^ 

[ Achlevemtf n t , AcclLudfeia, General lualhtMiuiL it.^ , jR^sisatuh, SecuiidaLy 
(grade 9) ] 

Ward, Dennis Elliott. The Effecr^of the Electronic Calculacor on 
Problem-Solving Achievement and Attitudes Toward Mathematics of 
General MathemaLlcs Students, (University of Southern California. 
1978,) Dissertat ioii Abs r rac t h Thl crnci t iona I ■39A: 40 i8; January 

ill Che f i I C ^cmeStfeL oi 197/ /rt^ y2 ^^uucLdl ma L ht^-iULi l i ^ L u ^.h_: n l ^3 

wtf 1 t' r .in d on 1 y a h a i g iie a l u l v.' o s p r 1 u.u n t a I r 1 a s s e s ( u S i u c a 1 1. u ^- 
latois) and twu tunLrol clktis^s (nuL usin^, l a 1 c u 1 a l o r s ) . No 
s 1 ^,11 1 f i i a i 1 1 d i f f fcj I a c es i n p r; )h l c^m ■ s ^ 1 v i 1 1 g a i J j 1 e v eme n t 1 a t i 1 
I ud b w u r t: 1 u 1 i n d ; no ^e. u tl a l tj f f l- i L was f u u , . J . H e 1 1 r. r i c a 1 6 l 3 
teudyJ to ^.rore hlght^r on pLoblern solving; boUi wlth^ai^d withoiii 
ca 1 cula t o 1 s . 

1 At Ji ieveiiitftu . A t I 1 I s , i...Ma..i u... i L.^iu&i i , ^ Il.A_A^\u 

solving, Resa.irch, Seconuary (gr.jde 9)] 

W^.iver, J. Fred; Bltim^, G leu dun W., ^nd Mitchell, Gli^Llcei L G^ 1 i ^ . , , , 
l^-^J^ j L iou H^ y^th Se venth Grade a tuden t s i Some Calculutoi. In sp ired 
Inst rue t lona 1 %ter lal s , Qbservat ions > and Investigations, Technical 
Report No, 497, Madison^ Wisconsin Research and Developmt^uL Center 
for Individualized Schoolings July 1979, 
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Weiss I Iris R, Report of the 1977 National Survey of Science. Mathe- 
mtles, and S obial Studies Education . ' Final Report. National ' " 
Science Foundation Contract No, C7619848. Research Triangle Pa»k, 
North Carolina: Research Triangle Institute^ Center^ for Educa- . 
tional Research and Evaluation , March 1978, 

A national survey conducted for the National Science Foundation 
Included questlona about the extent of use of calculators in 
schools . For four grade ranges, the percentage of achools having 
calculators was: 28 percent; 4-.6, 36 percent; 7-9, 49 percent; 

10-^12, 77 percent. Rural schools are as likely as suburban schools 
Co have calculators , and both are significantly more likely to have 
them than schools in sinall cities or urban areas. The percentage 
of mathematics classes using calculators Increased with grade level: 
6 percent; 4-6, 14 percent; 7^9, 30 pGrcenc; 10^12/48 percent 
Most K^3 teachers Indicated chat calculators are not needed; In 4-^6, 
44 percent indicated they were not needed, while 39 percent needed ^ 
them but did not have them; for 7=^9, the comparablo percentages were 
42 percent and 28 percent; for 10^12, 33 percent and 18 percent. 

[Elementary, Research (survey). Secondary] >^ 

WllllaM, David The Effect of the Usa of the Mini-Calculator and 

an Associated Curriculum Supplement on C^putstional Skills and 
Attitudes Toward Arithmetic of Ninth Grade "^Non^College Bound 
Students, (Temple University, 1979 J Dissertation Abstracts " 
InternatlonaJ 39A: 6610^6611; May 1979. 

This year-long study was conducted in five junior high schools lit^ 
Philadelphia, with three teachers each tea'chlng one class using 
calculators wt^h the regular gpneral mathematics curriculum^ one 
class using the regular currlculura^ with calculators and supple-- 
mentary caleulator matetlals, and a comparison clas^ not using 
calculators. Calculators were nut used on th^ pre= or posttest ' 
(California Av^hlevement Test), Arialysia ot covarlance and t-tescs 
of correlatt^d mtz-ana wt^re applied. No s l^n t f 1 can. t d 1 f f e r^iu^^ea were 
found In compuLat ioi^al sKlll, while aLtituJe diffart*nces favored 
the c a 1 c u 1 a t D r g r ovi p a . 

I Achie Vcf-meiiL , AttlLiides^ ^jL^ii^LAl sua 1 1 .^^iiiQ l 1 o Kc^ut=uLL=h ^aeCondciLy 
(grade 9) ] ^ ' ^ 

Progra..,. Mai hem..t lC5 I-acher 71 i 471-472; May 1978. 

HesiilLa f . k.iiii ^ awLi/uy or 4 1 13 ^^^u.ii.Ly L^^.IimL^j .lu LlI.M 

Ized. liUide 1 iL.t-.^ w^r. d^veL.pt^d and a buoklet lor leachers put^p^rau 

L:fIec_:L of usl^.g l a K_ u 1 rJ t u r ^ .uid th. u L t 1 , , 1 u/u a u p p 1 cnie, . L hcit, 
befcit studicid in flvt; schools. \ 

[AtLltud^S, hesearch (^iitvey)^ ^ c Ou J ^ 4 ^ Afea,I»£t4.j 
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millams, S. Irene and Jonas, C^ncey 0. A Survey of the Use of Hand- 
Hald Calculator s In Advanced Placement Calculus CQurses, Princeton, 
New Jersey: 'Educational Testing Service, 1979. 

The questisnnaire was sent ta -mathepiatics departmant chai^rpersons 
'at the 2402 secondary schools that had five or more students taking 
an Advanced Placement eKamination in May 1977; returns were received . 
from 1547 schools (64.4 percent), with 1403 scornble. About 89 per- 
cent Indicated that they permitted some use of calculators in 
calculus courses. Slightly more than 10 percent hod modified tlieir 
courses to Include special techniques particularly suited to the use 
of the calculator. In only 20 percent of the schools are calculators 
supplied by the school districts. An overwhelming majority think 
that student performance (on AP examinations) would, not be slgnlfi^ 
cantly affected if calcuiator use was permitced, 

[Calculus, Research (survey). Secondary, Teachers, Testing] ^ 

Wyatt. J, Wendell; Rybolt, James F.; Reya, Robert E.; and Bestgen, 
Barbara J. The Status of the Hand-^Held Calculator in School — 
Implications for Parents, Teachers and Administrators, Thi Delta 
Kappan 61: 217-218; Novenber 1979. 

tws, Bernard R. and DoVttlng, Davis A, Attltudaa Toward Calculator 

Usage in Schools ^ A Survey of Parents and Teachers, School Science 
«id Hathamatlcs 78 i 410-416 | May-June 1978, 

TV©-hundred-f if ty parents and teachers of gradeg K-9 replied to a 
12^item quesElonnalre about the use of calculatora, tliey were 
- Increasingly more accepting of calculator use as grade level (3--6, 
7^8, 9-12) Uncreased, with teachers significantly more favorable 
than paren^xAt the tvo lower levels. Both groups were moderately 
negaClve sbo^ the use of calculators for homework and about whether 
skills with ealculaters will be essential to future success* They 
were aceeptlng of the use of calculators for enrichnientf motivation, 
and grass. While moderately negative replies were given about the 
use of aalculator to replace paper--and-pencil skills, they were very 
accepting of the use of calculators along with paper-and-pencll com-- 
putatiori^ 

[Attitudes^ El^wntary, Research (survey). Secondary] 

Zepp, Rayroond Andrew* Reasoning PaLtems and ComputaLiyu FropMiTLlons 
Problems, and Their Interaction with tha Use of Pocket calculators In 
Ninth Grade and Coliege. (Ttie Ohio State Unl vei s 1 ty , 1 9 75 J Plssar- 
tat ion Abstcact& IntcrnaL lo_nal 36A: 5161; February 1976, 

One-hundL-ed =HeveiiLy nintii gradc^ra and 19B t^MlleHe tre&hmen w^^e 

classlflc-d as havlnn high, middle, or low ability in solving pr.. 
portions. Half the students in each ability groun w^re giveu 
calculators to use while working on a prograninied unit in line^i 
inLerpolat ion, wiille the rest of thu atudetitH. could only use pai^ei 
and pencil for their compucat Ioiih . No significant diffeLenct.& werw 
fovirid betwe-M^n perf ornianc es of students uslnR calculators compat-ttd 
to thi^se not using ca leu la lot ci. , nuv was thtiru any ^^s 1 i f 1 c an t liiL« L 
action of usi- of calculators wIlH ability to ^lolve proportions, Tlie 
hypothesis that atudents_ could understand a ^^ropor l lonal train ol 
thought better if the barrier of computation removed was not boine out . 

[Achievement, College, Ratios, Research, Secondary (grade 9)] 
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Aldala, Gregory. Calculators- 
Selenee and Mathematics 78; 



Their Use in tha Claasroos, 
307^311; April 1978. 



School 



The use of IS calculators to promote problem-solving skills *ln an 
aighth-grade class is described. Suggestions and recomendations 
are Included, 

Ijunior high (grade 8), Problam solving, Racomendations] 



if Albrecht, Bob. CaUulators for Beglnnars, Calculacors/Computers 1: 
21=26; May 1977 ." 1: ^75«82; October 1977/ li - 7 December 
1977, 2: 61^66; January 1978. 2r 91^96* March^l978. 2- 23^28' 
April 1978. 2: 87^95; Hay 1978, 

This set of articles is a sarlallzacion of a self-teacKing studenc 
workbook abouc four-f unction calculators and elementary computer 
prDgramming, The articies cover: (1) Basic addition, subcraction, 
and multiplicacion; some computer^like^ notation for writing programs 
to solve problems; and directions for playing NIM. (2) Multipiici- 
tlon, powers, and m'ul tipltcat ion game,. (3) Division. (4) Mixed ' 
operations, (5) The change sign key. (6) A calculator version of 
the game Krypto. (7) The concept of memory and keys for manipulate 
ing nurabars in memory, 

LCalculator keys* CaltuiAtor memory, tour unQLiQn calculators, uam^^^ 
Mixed operations. Powers, Prublem solving. Programing, WorksheMCs] 



* Averect, Dorothy M, , et al , Ualn^ the Minl-Calculator to Teach Mathe- 
Mtics. Philadelphia: Curriculum Office, Ins true t ional Services". 
School District of Phi i ^^d^Iphia , ly77. 

Calculator acLlvicie^ are Pres^ntad tuL l!.^ tuUowiug LupiLi^r yl^c^ 
value, roiindlng off ruimb^LS and estimating answers, wt.ole numbers, 
* d^cimai fracLious, ^oTOon fraccions, numbei pacterns, powers and 

foots, algebra, ^eomecry, and advanced topics. Other sectioiis cov^. 
selecting a caUulacor to. ciaasroutn u^e, preparing to use the cal- 
culator, Lvptis of use, the keybQarJ, * *wu rd umbe r" dl s p lay a and 
problema, and addicioniil source mataiials 



[Ac tivi tUs , iLlementary , Secondary] 



^tiziyd C rnnpl lation ...f Ml^iEilH^^^ Culumbufc,; :-:KIc7SNffiAC i iy79T 

Thtj y a 1 so ^p pea r on b u 1 1 t in s de ve I o pe d f o r t htj C a 1 c: u 1 a t o r Info rma 1 1 ui i 



* Aviv, Cherle Adler. Pattern Gazing, Mathamatics Teacher 12% 39-43; 

January 1979. 

^Workshaets on pattern searches are provided, 

[lategers^ Pattern searches. Secondary (grades 7-12)] 

■k B©-llj MAX, Calcula^cors in Secondary School Mathematics, ^thematics 
Teacher 71i 'j 405-410; May 1978, "~~ ^ 

The effects of calculators on education^ including discussion of 
potential strengths and weaknesses, are described. Specific sugges- 
^tions for needed curriculum development are presented, 

[pros/cons. Roles] 

* Bell, Max; Esty, Edward; Payne, Joseph N, ; and Suydam,* Marilyn 

Hand-held Calculators: Past, Present, and Future, In Organizing 
for Mathematics Instruction (F. Joe Crosswhite, editor), 1977 NCTM 
Yearbook, Reston, Virginia: National Council of Teachera of Mathe- 
matics, 1977. 

An overview is provided for each of four reports dealing in whole 
or in part with calculators (the NACO*ffi Report, the Euclid Confer- 
ence Report, the status report to the N&F on calculators in pre- 
college education, and the report on Che Conference on Needed 
Research and Development on Hand-held Calculators in School Mathe-^ 
matics) , Activities in several school systems are also cited, 

[Curriculum, Elementafy, Pros/cons, Research (needed). Secondary, 
Status report] 

* Billings, Karen and Moursund, David. Problem^Solving with Calculators . 

Salem, Oregon: The Math Learning Center, University pf Oregon, 1978 

[C^^lculum» Problem solving. Worksheets] 

* Billgtein, Rick and Lott, Johnny W. Wien Does a Fraction Yield a 

Terminating Decimal? Calculators /Computers 'l\ 15-19; Januaiy 1^78. 

A two^hour podule us^d in a Calculator Usage in Elementary Schools 
class for teachers is pr^Hented; it is appropriate for use in grades 
7 and 8 . Cs ing wo tksheetSp students convert fractions to dec imals 
using any four-'f unc t ion caKjulator, do the prime f ac to r izi^ t ion of 
\ the denominator^ dnd flitd patt^rris corujed by the denominator ot the 
fractions that are terminating decimals. 

LJunior high (grades ^^8). RaLlonal lUimLers, ie^i^iieis ( p l esc t v 1 1. e y 
Unlets, Workaheets^ 




* BiCCer, Gary G. Cu^lculum uuna iderationa tut Use of ttie H^od^Held 

. Calculator. Calcnlacors/C^omputers 2: 15^16; September/October 1 y /a 

J Different logic systems, rounding, converting fractions to decimi^ls, 
decimal representation or a fracti^^n, overflow, underflow, trunca-' 
t ion , Orde r of o pe r a clons , "add -on" percent key , cons tan t key , 
internal counting , divis iou by zero , Che negative sign, and consec-^ 
utlva operations are considered. 

[Selection] / . ^ 



Blume, Glendon, W. A Calculator-Based Ui^it on Exponential Functions and 
■-^Logarithms. The Computing Teacher 6: 4 7-48; toy 1979. 

CalculatDr-based activities are jirovided, with worksheets on popu- ' 
lation growth and inflation. , 

[Activities, Algebra, Fnnctions, Secondary, Units, Worksheetsi 

BolduCp E, J, Using a Minlcalculator Co Find an ApproxiMte Value for 
Pi, School Science and Mathematics 77: 689-691 1 December 1977, 

Geometry and a hand-held calculator are used to find a value of pi 
accurate to five decimal places. 

[Geometry] _ 

Bourjally, Bill and Radachy, Marc. >tothematics by Calculator , Berea, 
Ohlb: Beraa City School District, 1977\ ' ^ 

T^is year-long course for Mathematics 9-10 is designed to assist 
students who have had difficulty in matheMtics as well as those 
who are unmotivated. dompu ta t ional skills are applied in practical 
situations. Number, operation^ space, symbolism, relation, proof, 
and approximation concepts are Included as^well as skills In compu- 
tation with whole numbers p fractions, and decimals* ^ 

[course description, Mixai operations. Remedial, Secondary (grades 
9-10] . 

BurL, Buret L, itidiLur). ii^I^^iSii^ i He^adjiiga f rum t lie ^i^L hme L U 
Teacher and thy- Ma t heiii^ tic s Teauhe r . ResLon, Virginia: Nat iDnriJ^. 
CQunciTof Ttach^rs of Mathematics, 19 79. 

Caravella, Joseph R. Mini c a Xc u i a to r a In th e Classroom , Wa^hiugLuui 
National Education Association, 1977. ERICi ED 134 474. 

The positive t r i bu t ion^ of the c^lculaLor co ba'siw. ttdu^aLli^u ^te 
explored. Jhe IntroducLiou discuases questl*^ns educaLorb ask about 
the use of the calculator. The first section bLiefly des^rib^s use^ 
of the calculator in the ciassroomj discusses research on calcu^a-T 
tots, describes NuTM iavwlv^ment, aiid presents the NACOME reconmen- 
datioiis concerning 1 la Co rs . Ih^ secund se^clon covers the 
Imp 11 cat ions uf ih^ use of the «.dlCkiIator in terms uf curriculiim, 
teacher in-=.setvicc tduc^iLloii, c i ass rL^i^ai management . i ns t r L i un , an^i 
tea ting dnd ev..^ I u^i u.4ou . The kJiird secti*.jn givcs guidelines for 
selectli^ and using calt^ulaturs. Ihe final Section Includes class 
room activitl-:^ ke%'ed to the vdciMUs ii.mcLlwns af the calculator, 

[ Ac t 1 V i L ic3 . Ll^bsiuom manag^meuL, K^les, Selection, at^Lua tspocLj 

uhlnn, William l; . , Dea^ ,^ Richard a.; and Tr^tfeweli, Theodore N. 

Art thme Lie 4nd louA tors : H pw to Deal with Ari thmeclc dn lU^ 
Calculatur A^e . San Franc 1 sen: V. H. Freeman & Co,, 197"^? 

Ttie calculaCut 1m i^Sf-.:.] a teathiu^ U/i.^!, with arlthoetic pLW4.v.^»3e3 
developed through ^he *ise of the caL.ulator. A variety of real-world 
applicat^ns and mathematical recreacions are tncluded. 

[Acclvltles, ^tlxed operationsj 




,* Dublsdh, Roy and Hood , Vernon R. BaslaVMaChemattcs with Hand-h^id ' ^ 
/J. Caleuiator. A WorkpTe^t , ^Menlo Pa^k^,' California; . ^ Benjamin/ v 
;f Cusralngs Publdshing Company.. 19791'^ 

This vorktexc is for students at «ed^h^r secondary or college level. 

LBasle mathematics, College, See,^ndary] - 

• _ _ , J' J ■ ■• ' • 

» Ercol^no, Joseph, Fractional CompmtaAons on, a Calculator. ^^thematics \ 
Teacher 74*^ -591-592 ; Novi'mber 1979. ^ • ^ 

Frenchg Doug, A. Square Root Algorithm,. Mathematics Teacher 79* 35- 
June 1977, r ^ ' ' " " ! 

"An jlgorlthm for calculatlhg s^uire-roota on the Gasio Hemdry 8 
caleuiator is giv^n, , 1 

|if Frledl^inderi ,Rl|4fj'rd^- J.. Effieient AKrithms. for the Calculator 
, ^fathematlcg^eacher 71: ,'614^618 i^ctober 1978; 

A brief d;|/cuaslon of ctfTcuWtdr logic is followed by descriptions 
^ of efficient algoriEhms for recipfocals* powers, ind parentheses, 

■ [AlgotithM, 4%^^^tor logic , ^ower^ , Reciprocals] 

* (^odaonj Bobby. Let's Put the Calculators Where They Belong, Calcula- 
- tors /Co mputers 2: 20-22 ; Np^ember-Deci^ber 1978. 

Use of thf calculator in work with square roots, geometry^ factoring, 
and other junior high topics is discussed. 'A worksheet oh finding a 
square root and a tfroBsword puzzle developed by a ^student are given, 

"sf^tlvities^ Gam^a, Junior high, WorkahaetaJ 

* Greapwood^ Jay. A Product of Our Timea. Mac hemat ics Te^ciisc /U; 

234^238; ^larch . '\ " " 

Acclvlties are described in which Llie calculator Is u^t^d in ^ 
discovery leariilnp sltuaciou for exploring numbef p^tteriiS In 
multiplication exercises* ^ 

[Pattern searches] 

^ Ui^ury, Lor en 1 ha invaluable. Aid lm i/nd^ . ^ jii.u M^LheBiaLi. Ih^ 
Hand-Held Cai.,ui^Doj. Schgi^^.. ie. tce and Hachem^tlcs 77i 58i-s 
591; November 1 9 77,'' " " ^ ^ 

Ifi^ tt uct lofid 1 L^chniqup^ are j^i^/e?n for ch^ use of c^I^uIalmiS in 
finding prime numbers, s.lviiig cr igonouiu tri c aquations, and soIvha^ 
polynomial equaCtons* ^ 

[ac L 1 vl L laa ^ SteOondary] ' ' ' 



* Hlait.vAtt,: A"^Gaometry.f50blem for Hand-Hald Calcuartoifs .or Gamputers, 
, Calfculatbrs/Coropucers Ij. . 37-38 1 May 1977. --^ . : 

.A mathematical Ih^ulfcy mfethod'tm^klng and organising observations, ' 
'generalizing, spaclaliiing; Invatitlng aymbQlism, and proving cott- = 
JeaturM) and the ealculacor^s role as an 'lmportant tool for. thi^.v c 
- process are. dfscussed, An example vi^ given* in which the concept ' ' 
a circle can be investigated with the calculatorj and a 
. ' wor^bheet for student^ if. p'royided, ^ ^ ' V : ^ . ' ■* 

. LGeometry^ Rales, Secondary^ WorksheetaJ ; ?^ . : 

* Hlatt, Arthur A^ Finding Areas Hnd'er;^^ with Hand-Held Calculators, 

Mathaaatics Teacher : Wlr ;420-423^^^^ / ; • ^ ^ 

^ :The methi^ of inquii^ is applied to find the /area of a circi^ using 
' thejg^culatot . : ' ■ '. - -"^^^ - -^ ?■ ■ ^ * ^ 

*HabbSp Billx F- and Burrls^ Charles H, Mlnlcalctflators and Repeating 
^DeeimalsV Arithmetic- Teacher ,a25i, 18 -ZOj April 1978% \ ^ '^ • 

An algorithm for* generating on' any calculat manyi digits* as I* 

deitred in the>.decloal rep of the r'ationar number N/D*". 

"^^V^^is, glv^n in -datailp- ' rv/- , ^ . y ^ . - \- ^ \;y • 

\^lgotlthffla*i Ra'tlohal nimberi j ^ \v .^ 

■■■ ■ ■ - V ' - . ; ^ " - ■ / . , . - - - v- 

^ Hu^hrays ;' Casey p et al. Calculator Cookery , Minneapollsr Minneapolis 
; ' Public Schools. 'East Area Curriculum Office, 1977, ERIC;,. ED146 0O9, 

" Wotksheets were /designed for use with law-achieving plnth and tenth. 
^ graders; they are also appropriate for-^sev^nth and alght^h grader^, ^ 
" Act.ivltlaa are- inCluded.oniV Introduction .to chevcalcu^dCor , >games , 
aicploring mlgorithms^ pattern search, eatdmation and rein|or9ement\. 
>*of bMid^cpmputations*. consimer applicatipns , and socle t^ applica- 
fclons.;: Notes for teachetl are' includied with. each Ip^ the lessons, . 

' tActlvltles, Low achieiiersv Secondary (gradf s ^-Iq) . Worksheets] ■ 

* lowAJProblam^Solving Project (Jbiifc Qyea» George . 

Ii^erzeals Earl Ockenga, John T^ and Jack Wilkinson). Cedar . f 
Fall^i;^ Univeraity o<* Northern Iowa g 1978*/ ^ /' - - ' , - 

th?a purpose of this project Is .to develop materials tp Improve the ^ 
mathematical prdblam-solving abilities, (using' calcuiatprsO. of ^ ■ 

- ' , students in grades 5--3. tThfe materials are availabW^ih classrobm^ ^ , 

. gets- for experimentation r /I teSchar '.s . edition with teacher's, no^tes/ 
f - yecord sheets y aMwari , Wd .tests ; 15 'gupir copies -^of. skill booklets 
; ' (approximately 3U pages).;, an^ 100*card 'prbblem deck, Modules : , 

include": Proilem Solving^ . . Using .the GaJ.cu;L:ator> - Using Tables ^ ■ 
* Using Guessei* Using Rasources, Using the Calculator* (Book IX) , 
; Using" Caj-cula tor Codes XBooks I and. II) . . i , . ■ 

- . [Elementary (gVades .5^6) » ^Junior high (grades /HS} if. Problem solving-, 

•- V • ' , > ^ • ^ « ■. ■ ' , . . • ^ ■ . ' . . . 




\ : Jacdb*^ Russell Ft ProKlem Soivlftg with the Caleulator , PhgenlX! ; / ti^ 
:/ - Jaebbs Publishing Co* / ^. ^ ' - ' . 

This booklet includes caldulacor , exercises f nimbers, ; \ ' • 

\ decimals andj ftacfciom^ arid supplementary activities . ! = 

■ Xmagic /squares , riumBet cricks, polygonal nus^erSt square root p. 

1 ■ iand repei , ' ^ \ 

iActlvltles j ^Elefflenta^y (grarde 6) , Jurtior high^ Problem idlylng] ^ 

; Jaasklg William ;d. Compound Interest a. la Simple; Calculator, \ . ■ - . 
/ MatheMtlcs Teachar 72: 359-362* my 1979^ ^ - ■. ^ = 

*^ ; Worksheats^prdV^ide explorations of X relationship between simple 
)• ^ and Compound interest, ^ . " " ^ 

: [Act tvl ties p Cons appllcatlohSp Worksheets] . 

* Johnson^ ^ayid;C.^ Abuses atid Usesi Mathematics Teichlrig 

■ 85: 50-56; December 1978,. ■■ / 

Four commori abuses of the calculator are . notedi i calculatibns f^r no ^ . 
apparent purpose other than to use the c^lculatiori gamas and .puizies / 
with i>o apparent taath^atlcal objectlvei^ mystical buttort pushingi/ 

2 arid ebecklng ahswers'. . A variety of examples in which the , calculator . 
/ \ can be used effactiively are extensively ^d^ ' 

: [Activities , Pros/cons^ Roles], - , > ' / ^ / ^ 

* Judd, Wallace* Games ,^Jrl:cks ^ahd Pui^les 'for a Hand Calculator * 

/ M#nlo Park, Gallfop^ ;.r^ . 

* Juddj Wallace. ; tiaTnes Calculators Play > , Yorki /Warl^er Books , ; 19 75^, 

* jTudd , W. Do gf Igtfc^ and Mo re CamaS::- CaXculaeogs ^g^y , New tork i IWiarner . ;^ J 

Games and othler activities with calculators are proYlded*^;^ - . ^ : 
■ ' [Games] Vi . "^^ : . ' ■: . • - ■ -■ ^ ■ ■ ' ' ' • ' . ■ 



* Judd,' Wallace, Problem Solving Kit for Use with a. Calculator, .Chicago; 

Science Research Associates j 1977, / ^ '- .^ . / \. 

This classroom kit includes 12 problem-solving sections, each of V " ' * 
.'which ■ stresses . a dif f e,rent' problam«solvlng technique ^^^^^ arpa. In . 
..' addition to the student workcards, and. record fblders^ ^the kit con-' / . 

. tains spirit; masters :fbr^ evaluating stiideni^ achievement and a _ \ 
. y tfe^rfcher's' ■guide. ' 'i; • ' . ^ ■ ■ ■ - 

, [Rltj Problem solving] / ' 'i - \ ^ 

Keller, Clittdii. Using Tables to teach _ : : ^ 

V' teachet -71^ ^fi55*656 ; November 1978 . V ; ; : " 

Use 9f caiculators is suggeste aid in performing the caicu-| . ;: 
lations involved in pattern searches, ^ 

[integers; (riciprocala), Pattern, searcbe v . . - | 




i; * Ladd, Noraan E,; Working with the Calculatdt in Beginning AlgebrL 

1 :Skekle, 1376, : ^- f ^ - 

-: < J 'Riis workbopk includes exercises on formulas, eKponents, evaluating^^^; ^ 
. aggressions , operations with ; integers and fractions , solving ;equa»- ' / 
= V ; ^tions, prime fac tops; CCD and LCH\ Multiplying and factoring pjply-/ 

npmialB^^ linear equations , irrational, numbers Pythagorean Theorem,.' = 

distance and mtdpolnt :;formulas> and the quadratic formula. "A 

teacher 's guide with answer k^y is>^l^ ^ - ^ 

CAlgebrap Secondary, " 

Lleh^ehbergj Donoyan R> "hinlcaleulators arid Repeating Decimals. 
^thematics Teacher 71 1 524-530 i . September 1978, 

Tha calculator is used; ^ sevaral 
[Decimals] 

;^Rala, Thomas J. and Wltzke, , Paul T. Calcula^tion and Calculators ^ . = 

Readings Massachusetts! Addlson-Wesley Publishing Co, , 1978. 

[Actiyltles] ; 

/Mct^erter, Eugene W, The Small Electronic Calculator, ^ icientific 
American 234 : 88-98 ; March 1976. _ . \ ■ ■ - 

DaCalls are given concerning the inner workings of th^^lectronlc 
calculator,/- - , ^= ' / ' ' ^ 

[Building] V . ■ r ' 

: ^ Mlchalow, Jaime S. and Vpgell, Bruce' R. The New World of Calculator 
i - . Functions # School Science and Mathematics . 78 s 248*-2S^ ; Ma^rch 

1978. ' \ . 7^.y"7\:/^ v^^.-" — .-.— --.^^ 

the Importance of functions is discussed and sf^clfld IJ^lustrations 
p£\the calculator as a function generator are, jJr^ 

[Functions] . ^ ' "/ ; ■ ' 1" ■ 

' * Michlgah, Uses of the Caiculator in. School Mathematics » K-12 . ^ Mono*" ^ 
graph No, 12/ Lansingi Michigan Council o^f Teachers of : Mathematics > 
= " • .March .1977^^^^' ■ \- \ - / - . ^ ■ ■ . - " , : ^ . \ ." W^; " ' - 

, Part I covers desirable features of calculators for classroom^us^et 
/ ^ basic assumpcionB on clkssroom usa.i . and curriculum concerns . Part *. 
^ 11 is -a collection o^actlvities^ organized under the fol^lpwing , 

categories? ^ Grades -K-S, Grades 4^8 (niMber-numerat ion, whole 
" number basic oparations^ comon fractions; and decimal fractions,: . 
,r : iliteger^j, and supplementary M^er and Grades 9-»12 (pre-^ jt'^ 

- algebra- .and algebra^ geometr^ through higher mathematics) A . . ■ 
biblibgraphy is iricluded* ^ * _\ ' 

[Aetlvities, Elementary (grades k^60, RoAes, Secondaty (grades, 7-l2)] 



A M±llerp\ p6n.' Calcylacgr Exploratians and Probiems .; New Rochelle,; New 
\ i!pvkt ' Culaenalre Company of toefica Inc. » 1979!, ' - ; ^ /V'- 

^ ' '(Sef /aisor ' MlileT i Dbrip' CalculaCor Explorations - . St i rCioud » ' ; = 
;■'> .Don Miller, 1977. ) ; ■ . , . , ' ; , i 

The activities vin thitf book wGre ^designed to make the calculator an 
Integral part of the matheaia;tical ii^eas being exploredi Many use 
, the -calculator to generaitte ^data w^ich suggest Intaresti number 
'/■'■ patterns that lead to further discoveries arid generallzafiions * : \ ^ 
_ ^ Others . us.e 'the calculator to provide irmediate feedback to ^ / 
r 'imp rove estiination and mental c omp y ta clonal ski tfls^ 

; [AtttvltieSp Elementary (grades 4--6) , Secondary (grades 7-12)] ^ , 

Millet, William A. and Hazekampi Donald W, . Caiculator Graphing. ^ * 
i Hathema tics Teacher : 71 ? ;759-762 j December i?78 . , ^ . , ; /^[^ ^ ' 

Three worksheets provide ekperiinces -in using Calculators to* ; " ■ 
c6ii|>ute squares, recipiroc.als, knd square. raotSj plus roii^ding 
nuifters td; the nearest hundred th,^ points, ^tid: drawing \ - 

\graphs^^r y ■ \ -0 ■ . > \ ^^'.'"^ ' \ J ' \ ' 

[junior high (grades 7-9) p Reciprocals, Rp * 
':sfteets3 : ". ■ : \" - 

: \ Mltchell^y,'Gharleiy E ^ Problem Splvihg & RPN LogiCt: The Gomp u ting 

teacher 6: -BS-lg; >lay- 1979, ^ ' , sj:; =■ - W./^ 

A caiculatpr using RPN logic' is ihtegrated lnto^ on problem 

solving* Spaclflc lllustratioris are. included, . 

[Gaiculator iDglCj Junior high : (grade 7) i Eroblem solving] . 7 

* Morris, Janet Parker* Problem Sblylng^,i£lth CalCurat Arithmetic 

^ Teachet^ ' 25^ 24^26 1 April: 19 7fi; / ^ " • ■ / 7 . ^ ^ " ; 

Actlvitiea iis'itig fpur^functio calculators are classif ied by ^*purpose 
to explore tiumber patterns, jo" discover^ ralationshipsv and develop 
, concepts^ to practice .mental estimation, to raijiforce inverse rala- 
tionshlps, to solve applicatloh problems, to d ''guess'^then 
check" technique, and for individual exploration and enrichment.: , 

[AccivicieSi Four-function calculators. Problem solving} ' 

NCTM^- Minlcalculators in Schools, . Arithmetic Teacher 23- 72-74j 
. January -1976; . . Hathefflatics: Teacher 69f ^^*M| January. 1976, / 

: This report frdra the NCTMInstructlohal 

nine Justif icatidns for using . the hand:-*held' calculator In cla^as-- 
rooms, with some specific examples of currlcular applications , 

^ : [Activities, T^coimendft ; v ^ : 

* NCTO, Position Statements 1' Use of Mtnlcaleulators* Mathematics ; 

Teacher ' 71 1 468| May 1978. . 7 

tte 1974 NCTM Board of piractbrs'ipp statemerit on dalfeuiatora 

is reprinted. . . • ■ * ^ 



NCm Mlniealculacor Inforffiation^ Resources. ; Res tonV Vitglnlai 
/ NatlpMirCQtincli of kathemitics. 

this ffiiii resQiirtfe^ list cites articles, books, newaletteri, ^and 
toediaj plus information on caicul4cor models appropriate for 
'school use* It is /updated at intervais. , ; 

[Refiraneesi Salectlofi] 

WCTM-t ^ Mathefflatics Teacheri > New Products, ^Programay Publications,' 

,;in this monthly feature of the; Journal , calculators ^nd mterlals 
for u^e with jcaldula tors in the classroom are frequently reviewed, 

[Selection] V . v ' ' \-. y 

rfsufeld, Allen; Calcttlatgra iii the Classroom , Monograph Vo.: S^. 

L L J Edmonton rd Alb er t Teachet A&s^ 1977 *^ ; ; _ Jlu-^^J. .:. ^ . ' 

tActivities] . \ , .\ . .. ' -^^^^ . . " ' .. 

NIE/NSF. Report of the Conference on Needed Research and Developmenr 
_ on Hand^Held Calculators In: School Mathematics, National Institute 
of Education and National Science, Foundation, 1977, ERIC: 
ED; 139 '6^5..:.' . ".V T. ' ; _ - - . ; - .. ^ .. . \ . . ' ■ 

Results. the conference, intended to provide a well-defined frame- 
work for future reseaTch and, development efforts, are reported, 
. T^enty-ori% recotmeM development of an itvloroa^ 

- tionVbaset curriculimi deyalopment, research and evaluation, teacher, 
education, and dissemination kr^ discussed. 

[Recoraaendatlbns, Research, (needed). Roles] . 

.North-Carolina. Calculator Inaery Kit ; Prepared by Jtot 

Division, North Carolina State pepartment of Public Instruction, ■ . 

In this notrtooW kit ar<e transparericy masters, calculator games 
; , calculator activity cards for grattes 5 through 9, and calculator 
prpbletn card decks for teachers. , ; . > / 

[Elementary (grades 5f-6) Junio high Cgrades 7-^9) , Kit, Probl^ 
".: ^ goiviag. Teachers Cin-servlce)] ^ 

Ocktnga, Earl. Calculator Ideas for the junior !High Classroom, 
: Arithtoetic teacher 23r :519-522 ; November 1976,; / / 

Activities and^ games for computation and estimation* measurements 
and, geometry, functidni, and 'problem solving and applications, , are 
described, , - ^ ^ / ^ " ■ ' ' - ^. ' ^ ^ y - ■ ' ■ 

tActivities, Junior high] 

Obkenga, Earl and Dufea^ Joahi Ideas^., Arithmetic Teadher 27 1 28--32|- 
January 1979. / , V 

. Games for addition^ subtraction , fflultipllcation, and division are 
'presented; the objective is to provide pr,actice in estimation, 

' iElementary (grades 1-6) , Estimation, Ga^^ , Junior, high (g^^ 
Mixed operations] 

■ . ■ ■ ■ 



« Olsany Melftied* Using C^culatori to Stimulate: Gonjec-tures and /; : 
yAlgebtaie Proofs, . Mathematics Teacher 72 1 288-289 j ApEil 1975. 

Three exaiaples .are given that cari be used to stimulate conjectures^ 
and chat lendrthemselves to. an dige^ proof, The/calpulator can 
./ . enabjte-atudenta to tfist eases which would have been fruitless , if 
toposa the a^lculatbr, :% - - 

' [Algebra] ' ■ ■ . . ' / V 

= Pagnis David Number Theory for Secondary SchoQls? Mathematifcs 

Teacher 72: 20-22; January 1979 ' ' . ' - \ 

■ ■ '^-'r^.- ^v-^-"^ :;"^>:.=>. ■ ^ •■■-.v""^ 

* pollaks Henry 0. Hand-Held Cal& and Potential Eedeslgn of the 
School Mathematics Curriculum. Mathematics Teacher 70: 293-296| 
April 1977. w ■ / ""^ :/ 

T " The eontent'^^nd; ; tea irir the ^ 

calculator era are discussedi * ■/ * 

[Currlculuap Roles » Secondary] ; 

Rades Lenhart and Kawfman^ Burt A, . Adventures with Your Hand' Calcu- 
lator , Stockhdim^ Swedenr Biblioteksf drlagec , 1976, St. Louis, 
:- :^ Missouri :/.C^EL,^ Inc. , ^ia7 , ■ ; : ;■: .J ■ : 

fart I of this book contains 20 problems which ^can be solVed or 
investigated with a calculator , Part.Il provides a cpimentary 
en each of these' prbblCTS. AlthoughWplut are not always ; 
provided* the comentarles often present ^ situations which . 
extend the Ideas of the original problem* . - ^ 

[Activities, Mixed operations, Problem solving SeeondaryJ ; _ 

* Rlalng, Gerald R.; Urist* Betty J, | and Rpescht Carl. Using Caleulators 
y " ; In; Mathematics , Nac lonar Ihs t i tute of Educat iori"Con tr^ct No . 400-78* 
[■ 0013. Buffalo: State University of, New York #t Buff aio,. 197.8., _ 

Xero3C copy. . \ - . . 

This preliminary set of materials incorporates the use of progr^- 
mable calculators in che standard mathematics curriculum. In grades 
il and 12 (following t^ New York State syllabus) , ^Oie first draft 
(chapters 1^8) is aval^tole for experimental use. ^ 

[Courae descifiptlon, Progra^able calculators, Secondary (grades " ,\ 

^ ' 11-12L; _ . ■ ■ r V - ^ ^ ^ ■ / 

Roberta, Edward M* Flnserti p' Math . Dillasi TeKas Instruments^ 1974. . 
This book explains how to use a-hand^held calculator effectively, 
[Activltlesp \ ' 

R-Duse, William. The Power Box t A Solution to 'Calculator Logistics, . 
jk thematic s Teacher ■ 72 1 S16-^517r October 1979, ' \ ' / . 



* Rudolph, Milliam B/ and Claasie^ D-^ The Cal^ulatey Book , Bostoni 

^' \. Houghton mffliri, 1976 V ; . ^^-^ . " ^ ^7 \/.V\ ^ 
[Activities ]:,= * 7' / ' ' . 

Ruasakpff^ Andrew, Galculater Calculationg% Ifathematlcs Teacher 72 i . 
I884 March 1979> ; % ^ " ^ V " ' 

^ U|±ng the c|lGulator f or graphlng/ihe relations for aquations like . 

:^ . r .+ y \ ^ 5 ■ is .prea;ented,' {^'^ ..^V- -^.^ ^..^ Y 

^Mgebray Seeondaryl ^ ' " ■ i^^^' ' 

ScHlosabarg, .E* and BrQekBsanf J* ./ The Poeket Caleul^tor Game Book . 

SohloiS^erg, Edwin and Brocl^n, John, 1 The Kid*s . Fecket- Ca leulator 

" -^ G4me Bopkv William ;Morrew 19 77^^ ■ - . ^ ^ f - • 

Sehlossberg, Edwla and Broelian, Johh* the .Pocket Caleulator G ame 
Book J2v New York s William Morrow, 1977,^; / " i^ 

[Activities, .Elementary ^(grades 4*6) ^ Games , Junior high (grades 7-8 

* Schultg, Jamas . E^ How Calculators Givt Rise to a Ifew Need for Skilli . 

in Algebra t / School. Sclerice and Mathematics 78r 131**134| 
February 1978, ..- . ' " • . _ . " ^ ' 

Illustratians are. given of how doing; qertaih- algebraic ma^ 
prior- to^/dolng calculations can ^ ^litalri ate unnecessary "9 torage^ 
datia^' reduce che -m^ ^teps required toVobtaipi an aris^er , and 

_ avoioM^ja^ overflow, 

- V [Algebra] — ; 

*■ Srftf^f, ,^Qtig 1 a ^ E, Finding Roots with a Fqur-Function Calculator, 
Calculators /GompuEers Zi- 77-81; January *1978, ■ 



The "repieat'' capability of trfost' feur^fUncti used 
- in an algorithm to,{^Jind any integral rodt.-of any number* 

[Four-»funct Ion calculators.^ Roots ] 

* Sharpt J, Norman C., TOe Calculator Workbbx . Don ftllls, Ontario r 
Addison-Wesley PublishersV 197*7/ :■ , ^ 

^ [Activities, Junior high (grades 7-8), Kit] , ^ _ 

Shuway/ Richard J, Hand Caiculatorsi Where Do You Stand? Arith *- 
E metic Teacher - :23i 569-572 ^ ^November 197:6 1 — , . 

: Arguments for and against the use of ifand^eld calculators in 
school .mathematics /are presented, v ^ / ' 

[FTOs/cons] ^ W/i * . . 

Smith, Gerald R, Repeating Decimals, Calculators/Comp^uters 2: 57^ 
V 61; Ilarch 1978. ' \ . - . " ^ ' ^ ' 

peterTolnlng repeating decimals is eKamlried in this article, with 
i . 17ths» .19Ehs, 23rds^i 31fts, and 41sti suggested for exploration. ^ 

[Decimals^ — 0 - 



Spith, Suaahi CaJcuiacin^ Orders Hathsmatleg Teaeher 71 r 519^522 1 
OSept ember 1978, " ' \/ ; =• " 7=;- . : -J - ' 

Werkaheets pr&vide a calculator ekperience developing arid rein'* 
forcing the Goricept of order of operaClona, for students in grades 

[Mixed operations s Secondary (grWes^^^^ T Wbrksheets]: : 

Sfiavar, Stephen L, and: Splkell, Mark A» Programmable Calcula tors— 

, Facilicate Simple Solutions tb^Hathfe^^ Problems. January 

' : 1979, ;ERICi ED^ 170 115/ ; \ ; / --^ J/ " \ 

Problams which can be used with calculators ar^ presented ;^ 

[Probliim solving, Prograimable . calculators] . | 

" ' " * ■ - ^ ' ^ '. ^ ' ' 

Snever S t ephen - L , . iandiSpl^ 

'Calculators and Computers/lh Mathematical Proofs* MMhiferaa 
Teacher 71: 7,45-750;. December 1978. - ^ ■■ ~ ^ 

Since, numerqua posatbllitiem can be eKamlned iti a relatlyely short 
; period of time'fe v^^l^ul^tOTS an^ compucers^ are powerful data^ ^ , 
gathering Instruments;, Uqw; they can be used in. proof is explored 
^ with; a simple problem from number theory * ^ 

; [College J PrograTOafble vcalcu 

$fiev#^j Stephen L* and Spikell, Hark A* / Generally, How Do You Solve 
Iquations? Mathematics; Teacher 72 i 326*a36V May 1979, ;, 

Iterative techniques to solve, various types of difficult problems 
are presented, with specif ic example and programs,/ 

[Flow charts j Iteratldni Nuperical^ analysis ^ Progratoirigj' 
Programmable calculators. Secondary] ' • . . ^. ■ ' . ' \ 

Snover, Stephen t, and Splke.li^ Mark A, How to Program Your Program^ 
; mable Calculator , ' Englewood Cliff Sj New Jerseys Prentices-Hail , ^ 

Procedures for progr^JBmlng. calqulatfors are explained in detail, 
with many specific examples fo|f two types of calculator logic* 

(Calculator logic, College, Programmabls calculatora. Secondary] > 

Stephen,. J, Sydney and true^n/ Robert W, . Calcu-Math * - ^^uf f alo » 

New York I Scholarls Choice, 1977, Jtratfordj Ontario r Scholar Vs 
' Choice- Limlced,- 1977, ■ ' ' 

'Hils kit is a of » activity cards and worksheecs deilgned to 
... 'appiy basic skills ^^d strass estimation and problem solving while 
using a simple four^f unction calculator, ■ ^ = 

. CActlvities, Pour*;f!j^act ion calculators, Kit, Werkaheeta] 
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Suydaa, Mmrllyn.N, Electronic Hand CaLculatbrg t The laplleatlons fag 
I^a-Cellega Education. Final Report, -Grant Norjpy 75-16157, "^^V , 
-.National Science Foundatio February 1976. ERIC r ED. 127 205 
: - (full feportTr/|D 127^06^ (SO^page f ora) , 



Researeh Is reported ^hleh i/as ^conducted to provide the. NSF with . 
Infprm^atlon ©n the exist inf range of beliefs and opinions about 
the Impact of the calcuia^tor.,pn. pre-*col;lege #dudatiqTi> A literature 
. search •and several surveys of groups involved in ^c oanu- 
facture ©r in education were eonducted* In addlcion, four position 
; papers by prominent educators w^^ obtained^ The body of the 
report preserics summaries of- information collected relevant to 
avaiiabillcy of calcuiatprs, arjuments for and against their use 
■ in schoolSp ways in which th^y are now used in schools, and research, 
""^'^^v findings* Five recoTOendationa related . to^ study of and preparation 

T " Appendices to the : 
report present an annotated dist of references i/ the detailed .find^ 
ings of^^tha surveys, and the pbsltion paperar Imcier^eei et/al* 

discuss plausible Instances In which to use calculators i Pbllak 

- ■ •. ' . '. ' ■ . ■ ■ ■ - . ■ " ^ \ 

proposes criteria , f or ^designing the ; curr makes . 

suggestions for nef ded research | and Uslskln and Bell; prdvide some 

: perap^ctlyes on c^^rlc^lum revision. . _ 

[Curriculum, Pros/cons I ^ R^ (survey) J 

Suydainr-Marilyti^ N.*/ RefarerLca Bulleglns from the Calculator InfQrmatiQn 
^ ■ Center ; ERICi ' ED 167- 426.. - ■ ■ ^ - ~- ~~ 

Suydam,. >ferilyn N,: (Editor)* Information Bulletins from the Calculator 
Information Center .v ERICi ED^^;i7i' 574^ , V " \ ^ ^ ; 

Suydam, Marilyn N . , Stat^^-of the Arg: RevlewB on the Use of Calculators . ' 

Suydam, Marilyn N. ;, Caleulators: A vtiategorlzeji-CQmpilation of References . 
^ - ; ERIC* ED;17p^ 134. " Surt^J^^ JT~ ^ 

Suydam, Marilyn N, I CuBmln$ K^nn^thi Glbney ^ Thomas | Hill, Johnny ; 
' : Hairing, Stjiyen; and Pikaart , L6n, 0^^ Re^gional Conferences gn 
' Ma t h em a t i cs E d u c a t_l on ■ _ _ F 1 na 1 ■ Re p o r t , (NSF- funded project #) 
/ .Columbusi , Ohio State University ^ 1978; ERIC^ .ED 164 32fiV / ■ 
\ ^ I . ■ ^ ' _ ^. ■ ■" --'^ " 

The report includes materials and problems developed for the confer* 

ences, designed, for ^lemeotary s teachers and supervisors, 

:i [Activities, Four^f unction calculators, Problem solvlrig] 

* T^lteibkum, . Eli. Calculatbrs for Classroom Usef Arithmetic Teacher 
: V 26: 18-20"; November 1978, ■ . .. 

Letting Ins true tion focus on prqblem solving- rather than 'computation 
. alone is. the point of this article. How calculators can. bs used to ' 
advanta-ge is. described through^ four illustrations, with comments on 
^ checking arid on cheating. "^^^ V - " ' - ^^ 

; . ' ■ . [Problem solving. Roles] ; .' •". ,| - / - 
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★ Texa^ IngtruiBentsV The Great Intethatlonal Math oh Keys Book , Dallas i 
^ Texas Ina t rumen ci Laarnirig Cenceti 1976. - V \ 

Sections of this book cover Che basic keys on a scientific calculator; 
how to uaethe calculator for cbnvettlng unlcs of nieaaurei uairig the 
ealculafcor for praettcal everyday problewa/ a 

f Inanceiv trigonoindtry J probiblltty and statlsclci, and physic ^an^ 
chemistry • .and pu2zleS' and gart^ for the calculator. * \ 

\ \ tAetlylties>. Scientific calculate i , V ^ 

TexM lastruments. . Understanding Caleuitotor Hath , Dallasi Texas 
Instrument 3 p Inc. , 1976, 

This guide contains basic Infermationy formuiaSp factSp and mathe* 
^ _ matical tdols to "uftleash^ of your calculators" 

^' s' ■'^ tActlvlplesJ- ' .: \ \ ' - ■ \ 

Texas ^riBtrTOe^tSt ^tothef!lati£s Learning Vith Calculatorsy Fundamental 
; Biat hematics . Dallasf Texis Inattumencs , Inc. , 1977^ " . * 

\ Supplementary materiala in kit form are Infcended to teach ceftairi 
mathematics cpiicepts ualn the calculator. /Signed numbets i; alj|e* 
/braic loglcV functid^p gra:phin|j s 
■ , included, ■ . \ . ■ '.'V . 

lActlvitiesY Kit, Secoriaaryp * ^ . \ 

' Texas Instrumerits. Mathematlci Learning wdth Calculators 1 IntEoduc^ 
tory Algebra . .Dallas^ Texas = InStrutQents, Inc. 197^*/ { , ^ 

Supplementary materials in kit form are intended to teach certain 
_ mathe?i^tic;^ conce^s using the calculator . Eyal^^ 

solving equations p slgnejd numbersi J formulae * and algfbr 
pics are lp:cluded. ' - ' 

[Activities, Algebra p Kitp Secondary , Units] ^ .. ' . 

toth, Frank S. , Jr, Calculator Experiments for Junior High . ' Calcu- ^\<. ' } 
lators/Computers 2: 69-73; April 1978, ^ • 

Three experiments used with seventh graders are presented: find- 
'} ing quotient/ and retoainder, listing 10 tion-^ero multiples of a ' • , .^^^ 
given' number, afid stating which' of the numbers 2- to 25 are factors 
• of a given number . . ' ■ ' - ■ ■ _ 

[Division* Junior high (grad^ 7), Multiplication] 0' 

Tothp Frank St, Jr* Calculator Experiments^ for Junior High (^ntinued) t ^ 
|Ca Icula t or s / Coap u tars 2 r 69-73 ; May 1978* 

This article^ a cdatinuatlon of ont in the A5riHte78 Issue p 
presents, ohe experiment for detarmining the CCF ^Bporte for deter-- 
mining the LCM, using calculators, .• ^ . ' ' . . ; 

' [Divlsionp Junior^high (gracje 7) , Multlpiicationjf , 
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Toths, Frank S,:, . Jr,' Calculator ExperlmintB. for ^Jimibr Hlghw^.. The Com- ^ : 
/ : ^ ^ 'putlng; Teacher 6; 37-38 ; Jfay 1979> ■ / V; , " • . 

Ati experlraant^ on: prlmfe £dctoriza,tXun;;ia pres 
v.^ . as basic lesson plan with sev:e^th gradefi* . ' v - 

' {Activities i : Junior high (grade 7), Units]' = ■-' -^1 ! ^ 

* Uslskin* Zalman, Are Calculators a Crutch? t^thema t Ics. Teacher ^ 71* 
412-413i'Miy ;;1978.: ■ ' V /. : .T^ v . ~" ^ ^ ' X ' \" 

That a crucch la, a' bad thing la questioned i use of th^ calculator ' 
aa a u:sef ul cruteh" la ^lluatratad, ■ 

* Vervobrt, Gerardus and Mason t D|p.ea Calculator Activities for the , 
. . vi Claasrobm .arid , Teacher Resoufce Book j:, Tbronto i Cepp^Glark _ _ 

Publishing Co, , .. ' ' ' ■ ■ . . ' -V.:^ 

A three^part serlea of dlttp masfiera In which activities facilitate 
the use of ealculator a in mathematics r The series 'familiarises 
V students with the calculator aa well as Itause .in problem solving * 
. Th# teache^-a guide provldea a ratloni ' : ^ 

: f fActivltlfSi Probiara salving, tWrkst^ets] v ^ " ; 

' Weaver; J. F* A Monatflc Module Alias a Unary Unit, Pro jeer Papar ^ 

77--5,. Itadtion* ; wiscbnsln Sejsearch and Developmenc Center \fpr\ 
. Cognitive Learhlng, Urilvera^y of Wiacohsin-'Madisoni Decembeik^^ 

; ERiCi m 161 670/ ^ ' , / ^ . : / 

; (See also Weaver* J, F* A Monadic Module Alias ^ Unary Unit . ^ 
\ : Calculators/Computers - 2 29*36 1 April 1978,) ■ =\ \.r ^ 

L^^Thla module la /e^ for , ongoing calcu^ 

: lator eKploratlons with a class of accelarated ^iventh-^grade 

studerita-: Greater actentiqh Is given .to unary or mdnadic opera-- . - / 

. tlonSi f EelatiQnshiiJS and prope'fttles to bii identified, suggestions , 
for the teacher I caiculator argorithins, and, record sheets 
provided. • ^ ■ ' . • . ■ 

■ [AotivicleSs Junlo^r 7) , Mixed operationat Units J 

Weaver,. J. F, Some Monadic /Dyadic Combos , Pr6j§ct. Paper. 77^6*.. ^ 
'^Madlson^ . Wlsconsinf Wisconsin Research and Oevelopment Center 
/'for Cognitive 'Learning, December 1977, ^RlCt^ ; ED' 161/.6H,. 

(See alao; Weaver, J,* F. Some Monadic /Dyadic Gomboa , Galculatora/ 
Computers ; 2:^., 79-83 r May 1978, ) ; \ v ^ " ' 

This module is an extension of ^oject Paper 77-5 (and the article 
in the April issue of Calciilator's^Gomputers ) , It presents mater^ 
lals to. extend s^tudents' understanding of algebraic operations 
with th€ use of calculators . Referfence sheets,' record sheets , and 
directidns are included to. aid students" in focusing on monadic/ 
dyadic dperations* ^ * 

[Activities, Junior high (grade 7), MlKed operations, Units] 



; Weaver s J. F. ' Caleulators and Poiynbmial ^E^^ Madison s 

Wlscensin Research a Cencer f or IndivlduaiiEsd, ^ , : 

/ Sehooling, The aalveraity of Wiacotiain, July 1978; ERICs ^ 

' .ed;iss 475.;- = ^ \ ' - : = \ = 

Hie Intanc.pif this paper ta to 'lBUggast and illustrate haw hand-hald ^ 
^ caieulatars, . espeeially nqnprograiiimable. ones with 11a d^ta- 
. - / storage . capaeitys can used to advantage by students in one * \ . 
J particular aspect of work with, polynomial^ f^rtatlons. The basli- -."^''^^ 
V nafihemat leal background: upon which calculacor /ap^licatioii'li 
> .is s um rn fl rl^ed, / Along wich one calculatar algorifcta for polynomial : . 
; "evaluation cha is ralacively independent of ^calculator cyVep aight / 
othar algorlttas that llluatfate a variety of caldalator typesj 
characteristics p and' featiftes are given. 

[Algebra, Afgorlthms] J _ . j . : ^ u. 

WDodburn, Douglaa, Can You Predrct the Repetend? ^ .Mathematics Teacher 
. 69r 675-678;. December 1976, \ ^ - v ;^ - 

Worksheets are provided for an activity involving the u^e of the ' 
calcuiator in discovering patterns when a number is divided by* 9, 

, / ; 99j^ana-- 999;^"", ; _ .^^ • ■ ^ ^ ^' '^'^ 

[Pattern iearch^s, "Secondary ^ Workaheeta] ' 

Woodwards Ertia St and Hamels Thomas, Calculator Lesson-^ Invoivin 
■ latioAs Inflations and Energy.;.. MatheiMtlce . Teacher 72: 450-457; 

September 1979* * "', ~ " - - ^ ' ' - " ' . ■ ■ ■ - ■• ^ " 

'Two: lessons shoMng how a calculatq^ can be use4 t® help studenCa 
discover tha ."rule of 72" and use it to investigate prbblams In- - ^ 
voiving population^ inf latdons . and: energy are preaehtadw " 

Yvons Bernard and Downing p Davis R. Math Explorations with the -Simple 
Calculator ^ Portland, Mainei. J, Weston Walchi 1978. ~ 7 "~ v- 

This text, appropriate for the elementary and junior high school * _j 
^studaht, presents games ^ puzzles s problemss and eKerclses for the 
' four-function calculatpr, , = . * 

[Activities, FDur-f uhctiort calculatori Games] 

Caleulators/Coniputers r The" First Three Isaueg in Book Form * Menlo 
Parks Califamiai Addison-Wasley.^ /l?^8* / " ■ 

[Activities]^ . ^ ' \ - " ;\ 



1*2. oi 



'Calculator 



L2.oi 



1200 Chamfcecs Rd. # 
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LEADING A CALCUtATOa WOEKSEO^ 



necei^er 1978 



Prepared by Jdrf^ Mnnplly GawtfQMkl 



Thii use -of edleulatQrs In tha feacheAtias clasiroom is of great inlteresc to % 
gdhool staffs"' and school" cqw^Wiity g^ou^i* / Workihops and inr^ervice. programs 
on ^alculacoy,;usa ara of tlpn pl^nnjad and cor^ucted in tasportsm. to th±s int^res^ 
^If ^ybu ajre; a^m : ' 

sayeral thingf ydtP:cah do to Help to\in@ure^ their success 



BIEORE f HE-WORkSHOP 



Firat a£ sll^ select approprlata/o^ for the workshop* Thess ar© not 

really lnctnd;ed as rigorous beh^^^iaral objec partlaipaxiti 
to master or to be pretested piscteiti^s Wu|-rathar thesfe objeictivel:- ar^ _ 
to help you -in selecting adttvitias^^^^to for workshop paftio^pan^ to : 

iise* TOese objeetivms may includ©* % , , . r ■ - 

-rA)" To hfVe the participants become iatttllar with how ttfs;uae a oalculator, 

B) Tp demonstrate ealpulator ilc tivlt±#s for: specifio taplcis auch^^^^^ v 
/ . a^ computational skills, geprtecryi .order of opera t ions , and problCTi.' 

■■- _ ^ ./.. .. .-solving, '_. \_ \ ' " / ■ " / ■ ,-■ ■ ■ = ; 

^ ' C) To Identify how-to use the calculatpr in the classrbqmr managemehti ; 
storage, Mlntenanees riecord keeping^ ^tc, / ^ - 

: p.). To bscotae familia^r with hpw to plan and conduct «in--ierfr ice prograips 

■\J" -on calculacar 'uasp^ ■ " ' ■ . v v ^ 



Once you 've^selec ted your objectives, you can consider ideas,- actlvAtlss,' >and - 
materials tHa t will help you to accotaplish them,; Fortunately . there are aahy^ 
i^ookaV pampKlets* and Jcask cards cOTmerclally available , as tf^ll^^s articles, in 
the l^iterature., 5Qe: th^ Calculator Infbi^at ion Center Reference Bulletins lor. 
comprehetvsive lists of these xeaources* ' - 
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GETTING STARTED 



Shar'e your wotk^hop bbjectiyes ,with^ the participants, " This' is Helpful for the 
participants §nd lets them know What to expapt to have an opportunity fed Jearn, 
It is ctitlca'li hbve^er,. to begin with act^^ 

low-risk for parti^pants and that have a hjgh potential for succesa* The, 
calculator is itililr technology and must be Introduced to many t^&cherst, 

It Vs the chilci^en "who are grow with this tichnolp^^^i the world around 

them t^ho : acpept it as a M Wer of course. ■Adults may aometimes Be :reluctant 
'bt inhibited*; Spme of che\Iett«r^umber activities ate^ appropriate as l^fiko-- 



..... 



.4 



f ' Key in ISt ' and turo,^i^^^ calGulitfcor ^p^diN^rdown, >; 



-i 



Ov, . . ; ;2 . Did yau taiQw y^ T '=v^^' ^ . ?^ 

Kay ^ ^ « * ' 

Ac^iyitlas likie ttlii orte cat) give the ^noi^lce .^^ rio!i-^threafe.-i ^ 

ening practice with ktyteg m^ ntombMSs s^Miftg^alcula tor nutter^ 

itig th^ displayr A quigk iAjtrodj^ctipD to addition j Sijbtractidrt'i multajli^frioni 4 
mud d%vtB±Qti: o^ ; ^^ ; . ^ ; , ' \ 

Whan #n; opfetaticii such as additf oh ; is introdt^eds , "how to key Iti'' additibn,y ' ; ' ' 
examples should ^be disciissed^ The, need for uslng^ the CL^ffi a^ J = , ^ 

CLEAR/CLEAR ENTRY keys bef ore^ enJleTing ^ . problem sjhould be" demonstrated * It; . j 
is also ftelpfui to start with an .example J tfr'^Mcft participants air 4$dylmow' 
the answer * this 'wiyjhey can': or chi^Belyes- .that they are usitig*: the 
.calculator;- correctly ^Kafcpie . such as tlie following ca^ be msedi^ ^ . . ;^ 

: ■ Calculatdr *Solu^ ' v - - >i > \ ' 

Aft^r iiitrqdycing hpw* to add ufing a caldulator> lead participants in /problen _ 
solving or .expioMtory actiyity requiring -For exattp^e^^ . . S . - 

, . 1 . Make your calculator : display 895 using only the I,, 0, . V " V V v 

\/ ■ ■ ^,■-apd^^ keys/ . --^^'^^V ' 'S/'^^''^ ■ ^ ^ ; 'z:-^ 

Or, 2v How ^aany different .ways c^ f ind to expreis; 763 ^ . ; _ / .4 

as-- the sup. ofr^'Pritnes?' ^ n-^/ ^^^^ \ ■■v:: . ""ri'- ■'^z',- ; 

The grade level ^terest^ and ^thetaafeitfai backgrovinds of the ^orkjhdp, ^ar-- 
fcicipanta should l^lp -you to seMet for thi^s. . f :. y 

i ^ .■= ■=. . ■\ ; . - ;? ^ ..^ ■ ;^ ^ • ■% • '\ ' 

- \ • " ^ 4 ■ ^ ■= ^ . ^ . ■ -^^ ' " ^ ■ • _ ' ' . - ' • : , i • y- ^' ^ * ^ 

This same, general- protoediire^ can^ be^ used to ; introduc;^ the operations of ^si^btrac^ ^ ^ 
ti^tfj^i^ltiplication / and division 1 a^ well a§ Ahow^ to use i special key^ such^as 

1^^^. Firdtt r ;.int%Qduce \th^ use df^^^the calctilatot with ;a prohlBm ^r tlci^^- . ^ ; 
pahts are apt' tb khdw^^tp an^wfer tp ^Cyout^iay wan^ to d 

Second* follpw'* thii wtth-'aif ictivlty^'w^ is c^vi- 

ousl^"^^- Important -M-^set for' f i ' K " ^ ^ ^ / ' 

Additional 2 ideas^and activi^ po^thfy lll^iirate y 

objectdyes^. A review of thi miiterialsAcited in Calculatdir InforTOtloft ^ 
■Rff erenfee Bulletins ^on i!" Ins ti^uc tion with' Galculators'^h^ ^^fidoks!'^ ^^11 prpvide / 
you ^i^rtr a varie ty ' of pladm y^Iue i computfatio pr;Q^b lem¥Solving act ivities 

' • . . ' : ^- , , ■ .... • .'\ . , *^ . :: 



3 



't" ■■.^■"■y /^-.' -^ .supplies ^ 

^ M^tieipants sho provided ^ith a copy of ^pptoprliipe ^Visuals as well as 

^^'a ''handout'* for them to ^se,^ This way they can closely tdilbw your ^^^^ 
. ;* tlon mnd practice or try out the idteas and activities, i . ' v : ^ 

\ It is al^ deairahle if participants have thei^ own individual^ calculatprs.: i 
if not, a. calculator; ea^; ba^shared by fact* you may / 

want to iise activities chat arj /desipied sbV onjy one' calculator^ is required . 
/: ; fiOr a; group of two to fou^ participants. 'Howevei^^^^^^ 

^ clasjrpom supply pf *calcuia tors f '^y all mean^ .use themV^ But do ^t be sut- 
"T>rised it participants b^ing their pwp' ca;lcuiatot's td%use. This is^^all rig^t 
L : ..^nd 4 ,int :f aa t may even _:b eib e t jt er *-._I|„^ t hey t h§ir^ own^ caleulaf . 

tor and all its kayss tMgn thiey are prqbabjy mar# %pt to make effective ^use 
/- of the calculator in ^'the .claWsroom. v liv ac^it^ qaii provide a bit of ^ - 

' *^sliow and t)ell*V atmosphere and more participant involvement in^thevworkshop, 
AlsOj it .proVides an ppporCuniiyj to identify; 

calculators^ since some calculators have Ui(|uid Cp^st;ai Displays jfLCD) and 
others will have Light Emitting Diode (LED) displays, r|ome cilc^a^ 
H special keys that do ftot appear on ^most simply four-%funjcti(^ ca^ulators* y 
* If your workshop objectives irtclude one on calculator: techrioiogyi ypu may want 
to go into soiae detail and indicate advantages . a disadvantages of particular 
'features of calculators. v : - ■- ^ ■ - ; " ;; 



ENOING YOUR WORKSHOP - ; ; ^ ^ 

4t the coriciuaion of your workshop you mi ghf: want to give partiQipants a- 
."^'Certif icate of Compet^ce with ohe Calculator" o^^ **Ijic*ense to Operate M 
"^Calculator [This is patty^cui participants who have^com^ 

to their first cmldulatorlwor fcoo-t that, throughout the work- 

shop' you have been avmodei'^r \^w to iht reduce or use a calculator appropri-- 
ately* The certificate is another, idea that partifiipatits may warit tp, use in the 
classroom, ' At this pQint you Abuld. also provide sourcis for more infonaation 
or ideas about calculator" use ^ These might J^clade: ^ V; 



1* How to get pri thte. CaIcul%t0r^ Information Cerf^^ list* 




2* = Announcemfent of p^dditipnal i^^^ Councl^l of 

of Mathematics and>Aff^iat.^ Group services*^ 

Participants ihould also have an bpportmiity to evaluate the workshop, 
following is a sample evaluation fora 'you My want to uiei - 



ifeach 



e^ s 



The 



S^PtE EVAi'UATION FORM 



Tppic/Title 



Speaker /Consultant 



Data 

CCircle appropriate response) 
Clear 4 3 2 1 Vagus 



1. Were the objectives for this session clear? « 

2. To what extent were the objectives met? ' -■■ / Sully 4 3 2 1 Little 

3. How well was the presentat ion organ,l.Hed? Very Well 4 \3 2 1 Very Poor 
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4,v: H^w helpful da yttti think^t^. J)^ . 
/^ wlili^be to your work? ^ v " 



SV Did the physlcbl^ arrangements' help or •s 
'V .hliid^r th# meetftig / ' 

6/. Wari the; relati^^ appc^priace? 

7 • Was ther4 enbu^h t £me allowed to "pee t 
the objeetivei 

^ L-:•^ "^i: J:!:^-- . / -'-^^ -\ ^j^-- ^ . ^ 
What I found mosJt useful .wa^ 

What I would ^ika morm of- 



; ^ Vary Mu6lf ' 4 3 2 * V^^M^ '^^L 



Additional xeaarks: 



1 



Help *4 3 2 -1 Hinder ; * - ; 
Very 4 3 2 1 Inappr^^ristji - 

Sufficient 4; V; 3 2^'ll^:. 



AFTER • THeImWkJHOP 



Read ttte evaluation- fbri ;and compae;t^^ r^lts. Use tKese- to= plan your 
next workshop! Moatfy or mafe changes an.^^ the evaluatlQp.resul|s 

>rtiere appropttate. And; GOOIX L^^ H 



The foilowlrig checkli'st may help yoji In youriiplanniA| ^ 

" " ' ^ ' : ' r ' V- . - M^ l^-' 

Calculator W o r k s h o pj' .She e kl 1 s't 




Irivltatkoh to potentiil woEkshop,^ participants 
2. ■Pleasant room envirorfoent-ii-% refreshments help 



3. 


Calculators . i . 


.hr.:. -\"^ . . • ■ ... 




Handputs ^ > . ' ■ ; 




5. 


Visuals . .; 




.6. 


Media ^ ' 




7. 


Display or sample copies oj. 


' materials dvailttle . 


8. 


Eigaluk t Ion f orms . 





i D^pji^rtaent of /Edueation* 




This bulletin was prepa^red by; Jarie Gawronskl 
San Diego County, San^Difgd, ^ 
This pablication was prepared: pursuant to a contract Vth^ the National^ Institute 
'of Education. U.S. Departmen^-' of Health, Education anagJelf are. Contractors^ 
..undertaking such ^ajects- under.^overnment sponsorship are "f ^ "^^^P'^^^^ 

■ fleety their judgment in profMsittnal and,technieal matcers.. Points of view or ; 
aKonsdo;not. therefore, necessarily represent official. National Institute , 
of Education position or policy. t I , ; . ^ 

ERic:;''r • . ' ' ' • = = . ..... . 
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"120QVGhambers M 
r Columbus. Qhio 43^^ 

> > (814) 422-^^^ 

: ■ August igao 



.J * : : V - Using Caiculat ore in/P^e-^Qllsge Education ;; — * '■''^'■-■i * 

. 'v : - : Third Annual^ StateTof-^ph ^ ; . ^ " ; 

V. : r ^ ; ■ . Marilyn Suyd^a ^ ^ 

' Ovjir^ paM-?averal ytarsj, ; fch^ to a 

ralativaly stable leyel* ConcurrentlyT^iculator availability has becoma Ibbbj-^ 
and lasa an Issue, Technology has provldad prolongad battery Tlf e, ^and somev eal^- 
jeulator 8 are so . small and light they' can- be -car ried or worn a^silyj nullifying 
Jddltlonal ;agtgum availability* While resistance tb tHatr 'us^ In 

schools li still apparent s awaranesa of ' potential instruct ionar, applications has ^ 

' ;vv^''\ ^ ■■ . ■ ^ ^ . ^ \ - - : - ^ . . . ^ .^^^^ ; ^ V; 

ai'b^ly cdhtiaued to 'Increase .HaightenJjig this awarehasa^' is a 'slgniycant reconi- 

r" ..v;-. " ■ ^/l- -'r^ ."^^ ' . ■ . ^ '-;av-^V' \ ^ 

TCndajt low from a hat Ibnal association* - v; . A - 



A'feRaTODmendaiioh , for, the i980s, 



In AprM^igSOS' the Natibnai Council of; Teachers of Jfcthamatics r&easeti - 
Agenda for Aatiopj Racammendations for School^ Mathemti 198Qs , toe 

of^he alght tacdiEriindatiohs adaresses concierni presented by computing terfindlbgyi 
*^ "Ma thema tic's progi^aCs must » take full advantage oft the powet of calculators and 
■ computfers 'st all .^rada 'learels*--" "Hie introauctbry conpants,pfease!it a rationale / 

tor this stancti i" \ v ■ '• 

• - " " ■" :\ . ■■ • ■ •■ ■ ;. ■ : :: ' A;. ^ ■ ^ . / ^ ^ ^ .: . : 

^ Beyond an acquaintance with the role of con^utars and calculators 
in society* most >tudenti must; obtain a ^orklng^ taiowiedge of Ho^ V 
\ = " to^ use 'them ^- -^-^ .\ ■■ - . ■ ■ ' ' ' 

= ' - ' ■" - . . . \ ' . ■ : ■ ' ■ , ' • ' -6 ' ' - ■ ^ ' ^ ■ ■ ' ^ ' . \ 

rae avaliability of domufcing aids, Intludirig^ computers and Qalcu^^ ; 
; ' '\ latorsV requires a reeKamlnatiori of;;tha computation 
= - hy every dlt lien* Some of thfrse.;^ 

; . ^ retain their, same importanca,"^,wJkereas others 



s 



it is recognized that a si^l^ leant portion of Instructlpn In the % 
early grades mtipt be devotp'^d to the direct acquisition of nii^er ^ 
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* 'Tire: first Annual review was prepared, in April 1978;' the second appeared^ In ' ^ 
< ' . , . » ^ w u . ^ - , . 

• ' ■ - , ■ - "t • • , ■ ■ . , , ■ A- , . 



■ ; ■ V concepts and skills without the use of qalcuiatbiig 

. t to/ bur den of lengthy computations outweighs the eduba^^^ 
V- tributidn of the process, the calculator, .should become readily . ^ / 

' -V ^ 'available. =(p^. .8) ; ■■''};~^:- /::.l''*-/ ■ i."^''^ 

Recoptaended Actions, to ftccoBapllsh tha goal uiclude the Jollowingi - i 

3.1 All student should have access to calculators and increasingly tp 
cd^utars throughout their schobi^MthAatics 'pr^ 

3.2 The use of electronic tools such^ as calcu^ i 
should integrated into the core MtheMtics curriculum. (p* 9) _ v\ 

_ _ ^ _ # Calcula^o ta Bhpu^ be available f or^ appropSlite use ' int all laatfie^ 

,ciassroomSj an% instructional bbjectives: /should ri^ ability /; 

^ _^ _ _jto determine sensible an apprppriate uses. (p. 9) > . , 

^* Calculators and coB^utets should b% used in Imaginative ways for 
. ^ekpioringr' discover tog i and mathemtlcal concepts Jind 

not merely fojr checktog cq^utatiohal values or for. d^ 
- ' praictice. (p. .'9) ' ■. ... • • . - . . • . 

^ ; 3.3 CurricuiTO mterials that integrate and^ 

culator a^d conputer .in diyerse-and ImgULative rays. should )>m 
developed and ffla4e available- Cp* 9) -^^rrs. " . ^ 

. i ■Schools ; should insist that ^terials tru:^; trike full advantage of 
: - " the iffiTOnap ;and vastly .diverse potential of ^the* new.. Mdla ... ^ (p^ 9) 

•Educators should take care to choose software that ^ fits the go% 
/ > . .or objectives of the program afld rip t^ twist, the^ goals and/ develd^men-- 
y^:^} tal sequence to fit the tecfenolo^ ajiti. available software, Wr 9) 

/JEeachers^^f other subjects in which mathefflatics is >pplled '-shdula fflake 

\ appropriate use^ rfl calculators and computers", (p. 11) . Eurtherinorr/ teachers 

and ad^lstratops^iiare urged,, tp "iriltlata^jnteractlon with the^ho^ to achieve 

.'maxlium: benefit to 'the st-udent from coordijjated home and, school/use of computers 

^ " * . 

and .calculators" (p 

ti 

colleges need to offer courses on instructional uses of calculators for hptl 
; preservice and in-service teaphers and that certiflcatlo^ standards shoul^ 

require such preparation. Professional brganizatlons should provide In^rmat^^^ 
* through media and meetings of various types. • : . / 

Thus, .tte NCTM acknowledges that computatipnal skills are still /necessary, 

but s<resses the need to integrate, calculator uWe at all levels,, reinforces 

o . .... . • 
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... . - . \ 

Other- recoOTiended actions address the needs ^of tea;CheraV pointtag out thAt . 





^ /..^\ : ( \ '[ .'V/-. . , h--: .... , - ■ ^-i. I 'i 

.elt 'aWfulness^^taprbblam .solving, notes; tKe -nepd; Jbr ^aglnatiye, materials * j i . 

X -"..-'^v" r • ^"^^ ■ ■" 'T i -i' - ; ■ i 

artd -amphasf z4^^^ - . . ; ; ■ . , , . \ j , . . 

lividenee on, Avdilafi^iiity and Usee bf 'Ca lcula tors ; . - .,..1 - 

^Tha^NCTMSfeii© i^xistenGe of : calculators " 

and computers.' Dkta'f rom thecSeqbnd\vtechamtdcs Assassmant of the "Satiohal 
AsaeasTCnt of EduoatiQfnalr Progr^^^^^ support the / . 

fact that many childra^ have accf sa .t,9\ calculators *but aide of the classroom: • . 
'75%. of 9'yaar-olds, -80% of ;13-year^Dld^^^ 85% of 17'yeariolds either own their ' 

own calculators^ or have \bn io\'^W^ Otl^r studies todicata that iji soma "i 

looatlone, this percentage ;may^ b^even\J^ :2?0 

-'^■'^ -Vv.i- Va> i ■ \ / y'' 

^hotisaholds surveyed'dn Florida had at ^^^^^ ca3;culator (Conner, 1980) r and in ; 

Xndiatia a . surveyv of 417 stiidM^t^t^indicatfed:^^^^ ownership or^ access ranged f rom 
79% for first graders to 100^ for sixtfr-graders (Ewbank, 1979), ITaturally, how- 
eve^i sdii^ St u41es report lowe^ exa^le* only 68% of, thje Missouri . 

children querled|by Rays et al. (i980)^vh4d access , to ealculatorsi „ ; . / -"^ _ - 

Data from ttie many studies* %tlil seeking an answer to the quaationiV^"poes - 
use; of calculato^ hurt aQhlevament^scorss?:' , continue to/^upport^the^f act that 



students who u^ ealcirtators^o^^to^ruction vachid^^^^ least^ aB^hi^^or higher 
scopes than students not ;^^sing calculator Sj even thou^Kthe calculator is not used 
on the test. (In the majority of studies during the past years ' no significant 
differences-were reportad.) The decrease\ in time spent on paper =and-pencil prac^ 
tice did not appear to harm the achieyement of students who used calculators, 
■I- Data from studies .on learning mathemtics with calculatorSi as well as avi-- 
dence from the practical experiehcds of teac'hers, are slowly accumilating, Indi- 



* This type; of study on achieveTCnt comprises -about t;wo-thi^da ^f all studies 
reported..; "^Studies focusing on the developffient of specific mathematical ideas 
account for about one-sixth of the studies, while the remaffider are. surveys. 
While, doctoral sttidents continue to produce at least; 50% of ;;the research, on-^ 

-going investigatlonsvare being conducted by researchers in ichools'^and colleges. 



cati^ithat. :p^t(^al!ator mathanatitkl ideas, = 

Ifiporta from Connar (198^ and; Mbser (1979) , fb? ^stances detail some spectfia 
way sLift which eaicula tors a instructional tools* : . ^ :/ 

Survey s oh Beliftfg and Atf^tudes . r ' ; i ^ ; . i ' : : 

.When lie fs^nd attitudes are su^reyed, howejy^ . 
wsany* persons ignore the evidence from research on achievement and learning, V Per-- 
^ ei^pfetons' of the uses and; impDrtance bt 
depend; ptiMrily on the audience surveyed* the Pripritie^ in School Mathematics; 
Project yCPRISM) conducted in 1979s devoted about ZOX of its items to ascertain 




ways la which Educators at ill levels from primary A thr^ 

'school board raembers feel about the use of Galculators. ^ Ed&cators were iMCh to 
supportive of . increased use of calculators' than were lay personsi 54%f'of . the 
professional sai^les. but only 36% of the lay samples ;WOuld increase enqjhasig on 
them dur tog tha 1980s* Strongest support came from supervlsbra and teacher educa-./ 
tors .(85% and 74%* respectlveiy)> teacheria at all levels had more raservationa 
(support averaged 50%) ; and parents and school board members gave weak support tp' 
increased emphasis ~ and to almost all uses of calculators except checking answers 
The percentage agreeing with various uses of calculators were i / - ' *. 



checking answers V 
doing a chain of . calculations * 
computing area - 
making graphs. . . 

solving word problems 
solving equations 
earning why algorithms work 
loing^omewrk ' ' ' - 
de^loping/ ideas and concepts 
learning basic, facts 
taking a test ' 



Professional 
Samples 


.Lay 
Sanples 


93% 

89% • . 


89% 


78% \ . 

t 

' 71% S 






^38% 


70% 




68% • 




66% 


37% ■ 


59% 
51% . 


49% ' 


50% 1 


22% 



" ^ - /'Ove* temcherSs at ajl levelg.^eridorsed having ^our ^function calcu- 

* * latora mvaijiable. V However, 67% of the prof essional samlas and 88S of the lay 



leg believe that calculator use^ should, be pcrstponed/until after paper^and- 
pancil algotiti^^ IfeaTOedv -Only 40% of the prof essig^al samples, a^ 19% of 

the lay. iamplea would let slower; students use 'calculators," and putting students ^ 
who :have riot learned paper-and'-penc 11 computation by grade 8 into a calculators^ 
' coiirse^j^ by^ only ; 34% j(45% o£ t^ ;?i5d . 30% of .the \ 

lay . aainples) 5^ \ r . j ' _ ^ ■ . 

Other studies provide data which both cot^are and cohtraat with the PRISM ' 
data, . Cohen and Fliess C19790/reportad that over 63% of . the' teachers they queried 
favored the use of calculators. In a survey cohdiicted/4in 1979i .Reya arid soma 
colleagues interviewed a random sample of =194 classroom teachers in ten school 
distriOits in Missouri, The researchers reported that: - 

. _ - . : \ 't\ V : ; 

V \ The overwhelming feieling was that calculators eKist, that there ^ * 

IT are many appropriate places for using theiq' ar all levels of the 
- : marhamatics- Gurriculum, and that the typm^ and extent* of this usage = 
. should be lef t up to the discretion of. the ihdividiial classroom \ ■ " 
teacher, (^ys alV,. 19Sps p. 41) / . " 

While 84% of the teacfiera said that\ calculatprs should be available to childreit 

in school, only 35% had actually qsen calculators in mathematics classes Cthe \ 

data ragged from 14%. at the primary level td^ 62% at t,he Senior high level):,. 

\toother 42%' said they would li%e to use calculators* Teachers' wh^- had- used them ; 

commeri ted that i _ / " " = ^ : 

\ ^ ■ .. ' \ - ' ^ , - . ■ ^ ^" ' ■ •/ 

not only could they work more problems if a calculator was 
available, but also c^iey actually covered more' topics. They * 
also reported dealing more with concept devel^pmerit and less^ 
with computation during their mathetotics class. (Rays at al,, " 
1980, p, 4£) . ' " / / ' ' ^ ; , , 

It w^s\al^ reported that ' - >. = . . = 

most* of the teachers who had not used a calculator in the cl^ss- - ■ 
^ room seemed aware of primarily two uses, ; One was as a computational 
device which they saw as defeating the tojor goals of school 
mathematics and the other as a tool for' students to check the paper-, 
and^pencil computations, , , the majority of the teachers were / 
maware of the instructional potential of the calculator* (Wyatt 
et al, , 1979, p. 218) ^ . . ' . ^ ' 
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An average of 80% of tieachers i^lt, childi^ should; naster /t^ basic , 

arithmetic operations feaf pre u¥lng calculators. ' (Ijitareatingly^ Z6% ,of tlie r , . ^ 
pr:tasary; teachei^s held -this view; whil^ 89%^ of the senior high ^choql teachers 

■ didO , Indeedi 43% Jelt that using a calculatQr\would cause studeirt^ . ■ ' 
^ to co^ute to decline -Teachers; generally agreed, ho^ 

senior high studenA who had never , learned to conpute should use a calculator 
becauae they w ahle to^^cmpute ©the ~ ; ^^>,^ - ... 

Slightly over 50% of the te4chers wanted* textbooks with activities; using 
calculator sV Forty-three percent favored use of . calculators on problem-solving 
pot t ions K of standardiEed teats. > ^ 

' < Four i^ Ilea t ion s^ were dra^ from clie study C%att et al^^ 197^)i 

; (1) There is a need for leadership|L^nd direction for teac 

calQulatoi: use \in schools, ^ " 

^v' :^V^. ■ ^-/^ ^ -^^ ■ . ^ : ' . ■ ;■ ' " : \; '^^ , " 

' (2) Training in the use of -calculators as an instructional tool ^1^^^ 

^^/^ (3) 'Dipaeiinsition of ctirrent informtic^ about calculi 

to dispell many* ^false. concept ioriSg/ ' ^ /.^ ^ . , " 

<4X*taterials 5^hlch integrate ' 
curriculum should^ be developed and disseminated," . " 

' ' part of an investigatibn in which calculators ^re used in elementary 
school matheniatics\instruction^ Conner (1930) surveyed, parents of children in kin- 
dergarten through gtade 3. percentages favotta^g what she called -'unrestricted" 
.use of calculators as an instructional aid ranged from 13%; -f th^;,elemetitary ^ 
level and 16% for the middle school level to 29% for the high school level , .^rtien 
.. she asked about "regulated" use, the percentages wse .^o 83% for- the elementary ^ 
level, *80^ for the middle school levels and 81% for the high school levels ' ^ 
Balka (1979) alsb found that parents were skeptical about the..use^ of calcu-- 

■ la^rs in elementary grades. They ag^ed that calculators could be uaed- along .= 

' . ' - ' ■ ' ^ ' ^ ^ ; ^ . . 

with paper-^and^pencil computation* but strongly objacted to using calculators, ih ^ 
place of paper =and-penc 11 COTputatiori, - 

Succ^sful Intisgratlon of caiculator uses in the mathematics curriculum will 



requAe careful ajid thorough coBmiunicatlafl ampng all cdnderaeti^grbyp^, Ef^rts : 
i|o provide: informc ion on how calculators can .be Msed succesafully ,iji teaching 

f fflathamtlce %^ithout hara to ach^ 'And pa;rants and other 

*m^ers of the public must ^recetdve assurance tHat' necessaify cbmputational skilia 

-will still ba^ caught, ^is point ^is clearly *Mdfe in tfie NGTM^ ^Aganda. for Action , ^ 

PWelopaent of Instructional ^fate^ v - . ' , 

. ' Jfeterl^s which Integrate the use of^calculators to .teicfe-M ideas 
are still eomparatlvely scarca: Most of the published- articles, ; however , do 
present id^s fot using;^lculat in- ; 

6ludtog^brk witK opefa^^ exponent s.i^oto«Aiai?>/^q^^"^ ^ 

and' probl(em^solving\^^^^^ appears to be. a decrease » in the^umber iof^ books ' 
focused solef^J^^te'^ames, atiS; an^^^ huriber of boofes, which couldjbe; - 

used to supplemif^^^^^^^l^ instructi^^ V - . H{ - i^i,' 

\ V Two iofi^li^tldi:^ i^^^te^lals teachers. One is aJ^^pl-- ; 

lection of articles from tlia Arithmetic 'Teacher, and the. Mathematics Teacfier (Burt,i 
1979) i the other is a categorized listing o£ references . , 

1979) * As Ims been true ever since calculafcors'iappeared v^^i^ 
there is a continuing nei^ for materials -which deye lop matWematipal ideas *^ 

Concluding Cbmei|t , " " x v : ^ - ^ ^ ' ' 

While support from some groups, fpr c^ie use of^ dalculatprs ^-scHobls^^i 
d.t is ..nevertheless changing as people accept the .existence of calculators in th^^ 
lives and. in, the^^t childBen's lives* ^Concern.:. continues to^ revQlve around the. 
' issu'iybf when the calculator should^ be" ^used in rklation to instruction on basic 
fact.s and algorithms: ther^ is fear that paper-^and-pencil computatlbnal^skilltf 
will be lost and achievement scotes/will decline * despite the contihuing ^reassuring 
research- evidence on this point, Educacora need t^^ consider carefully ways of i 
assuring parferits that .calculator's can be used in developtag a wide range of^iMthe-^ 
Etotical Ideas which will promote ma'theMtlcal achievement. 
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and Other Topics Related to Calcuiator Use/ K-12 
In/thds bulletin, ^ri^ffrences invlocating^materiali which^^oVL 

ACTIVITIES FOFf STUPiNm^ . " ' 



' Avlw Cherle Adfer/ Pattern Gazing, Mathematics Teacher 72: 3&-43; January 1979. 

Wot*ksHi6ts on. pattern searches are provided* = . " V \ - ^ ' ^ 

Billings/ Karen and Mbursund, pavldip Problem Solving.. Calculators /CQmputers 2 1 ; 
73^94; Noyambi^December; Chapter 2 from Probfem Solving with Calculators :V; 
is gi,van - = How/ to tackle a^ V problems is^ explained ^ usin g . a* wprk^T^^et^Uke 

fr^ubisch, Roy ^nd, Hood, Vernop R. Basic Mathematics w Hand=held Calculator : 
A Work-Text . Men lb Park, Califdrhia i Behjamin/Gummihgs Ruby^^ pDmp&ny, ' ^ ; 
1979* . ^^^This workte^t/is fdr^ ^ eollega level. > 

Goodsbri^ Bobby. Let'i Put the Calculators Where They Belong* . Calculators /Computers 
2 : 2CH22; November^ DecfenlBer 1 978. ' Use; of the calculator in work With square roots> 
geometry , factoring, and other junior high topics is discussed. A worksheet pn firidi'^g 
a sq^uare robt and a crossword puzzle develpped by i student are given.. * • 

^<;QOdson, Bobby\ Calculatpr.Retfb^ Cdlcula tors/Computers ^2: J2-33| 

Ndvember- December 1 978 / ^Sbme; bopfcs of ericulator activities which the author 
considei'S particul^-rly useful 



Hiatt, Arthur A i Basic Skijls: What Ar!e They? Mathematics Tocher 72: 1ft1^U4; 
February -1 97?. WitH the''cilculatprj students- mathematical thinking shdiJid be . 
improyed as they handle non^routine problems in which a number' of accurate calcula" 
tipns are necessary- .Specific eKatnpie of .the calculator in"^pp^ring 

'"proG ass. skills are given/ ■ - ^ • ' ; / ,/ - ^ 




>Jurgensen / MaHihde.^ .Measuring Triangles * Calculators /Computers 2 : 
.N^overnber'' December T 9^78, " A teaching plan using carculators with the Pythagorean 
Theorem is presented ' 

rKeller, Cllftdn: Usirig Ta^ Mathematics Teacher 71 r 

6S5^6S6;^.No^eniber 1978* Usis ofvcaiculators is suggested as, an aid. In performing 
cthe calculations involved in pattern searches, • ^ ... ^ ■ 

-■^^■^^^■^V:.v' • - ; ■ .■ ■ ■- v^,:^ ■. 

Kerr, Steven D. Who is Quickest with Mind and Fingers? Mathematics Teacner 72: . 
; 123-126; February T9J9# A -J* thinking person's cal^culator race^ is deiqribed^^^ with 
sample questions. . , . / ^ . U , . \= ^ ' ' ^ 



'Ockenga, e^rl and Jban^ Ideas^ ' A r S t hmet i c T eachfer ? 2Si aa-nai; JahuarY 

iB7^ / Games fpy ad^tion, subtraction , multiplication y ; and^ &ivisi©n ire preserrted > ; ' 
jwith thm objesUvm of prpvidiiig praetice.ln estimatidn, ^ ; . = ' 4 j^w.; V^^^^ 

Olson^ Melfrlfid.' Using Calculatoi^s to StlfruIata^ Gahl^turas artd Alge^ Ftogfs/ 
Mathematics Teacher ; 72i ; [ 28a-^i€9; Ap!ri I 1 979* v ^hree examples a^j^weil^that t^n 
be used to; stiinmlatfe 'QO^njactii^^^ asid^^tKat Je'Hd themselves. td aW algeb^ %T4ie 
. calcTilifto^ caji eiiable ^tmaenta, torteat^ases w have 'been.,fcMtte8s, if riot ' 

impossible I without thi c^c^jlittbr** ' .^^.V''^^ ' - v i V . \ 

Rays, Robert E;^ at mf, kaystrokes i gaiculator Activities for Young Students : ^ ^1 ; * 
Addition and Subtractlbh . Paig AltQ^ Califbrnia: Greative PubJications, Inc,^ 1 979/ ' 

This worjtbdok contains slvi^ety ac^vities is whw 

. with^ mathettatieal^iiasttfue'^n/ . ' ' ^ i y . ^ ■ .f,.- 

• ; ^ , ' ^v.^- ^ ^ ^\ ^ ^ ■ v:: ^ :^ ^ - - ^: ^- ' ^ • 

Ruisakoff, X^^drew* Calc Mathematics TeacheH 72 1 138; March: 

" 1 979* ^ . ,Usmg the: c^culator ; for graphing.^ the relations: imr equations ^Uice x^y^s.y 5^ 
ia- pres^ted. V ; . . -'^-^ ^ ' :^ -^--^'^ ■ y. " ' ^ \ • 

' Scotti ppugias;^. What Day of the . . .1 Calculatprs/CQmputars 2r:-a|-^2g; 1; 

Noyambar-Deceinba^ A^ algorithm for deter^riing the day of the "weelc for 

. any -dati^ is, giveii for' daIcidator$ ,,(a BASIC pj^g^im for comp^utera 13. .aleo^ included) ^ 

5nQy^r, StapKenil^* and Spikell, Mark 

^If tof* ;^ EnglewoQd' Cliffs, New Jarsay : Prent|c#"Hall, 1 979, Eiwceddres foi: pro- " 
grammyig caJculators afe e^l^dp^d in detail> many a^cific . e^fiftples V^^^; 

t3^es= pf-calcidatorlpgle^ /: ^ "/^ ^ : / ^ ■ . . ■.. 

Wawik^ John A^i^ A Short Prestntation in "Computer using Pfpgramrnable 
Calcui|jQrs ,j| ,Calfculatpr$yComputem it 9^11 ; Ndvembei^Deciei^b^^ 

aj^ti^^^^thiies a one-lesson .'^computer Uteracyf preseri.tatiph Jor aiid »6 - 

'using the HP^BE p^^^iimable^^^ Following" a 'terirminut^ i^xr-':^^ 

w^ch- nine poirits are ated students" are givin experierice eriterihg juird- runni ^ * 
-programs., ■ , f ^ ^ . 7 r ■ "".^ ' ^'^ ' ^ : ^ ^. : ^'^ ' "^-.^^^^ ^ • , ; - ■ ' ; * v .^>^': 

vWavfik, John J. : PrGgrammable 'ffalcuta^ for Elementary Schools^ Caicu'lators/ ^ 
Computers 2 : 53-5S; .Novamber-Dacember 1 S78,- A lesson on\simpli prograinming 
for students Hii grade 4-6 is presented ,/ with several pt®grams included. ' 

MORE MATERIALS • . w FROM PROJECTS (^ indicates contact per^bn)^^,^^^^^^^^^ w 

Cdlum^bus CaScuIator.^djact CE^ Tltla "Catharine GIIbraatR^ .teniw Hubarv^ ; 

and Alberta Myars/ GblumbuS (0.hio) Ptjblijc^^hool^^ Modules-fpr each 6f'4^^ 

these^itopics have been .develc^^edi Know j^ejur dalculato|^, Basic. FacJs'V;. Place 
'Decimkl Computatlpn,^ Propertied, Roun^rigi Estimation, and Applicdtioni, ' ch^^" ' r 

: da'icutgtinq Pevice^^ ^, tPon Fritz ^ L,B,J, Bigh ^hool^ Austin, TaxaS/ 1 975, This 

is. a one-quarrCeri^cSlft^fe for remediAl. ninth^g^ade students who have not mastered " 
'th^ fundaraentil Qpftfat course has been in the eurrteulum foi^^fiVe .^ea^^ 

Iowa* Probrem- Solving Project (ESEA Title ly^C) , Joan Buea^ Caorge Immerieel ^.^^f . 
Earl Ockenga, John Tai^> antf Jack vyi^klnson/ Price Laboratory School University / ^ 
of Northern' Iowa # Cedar Pallr, U78, This prbject focused on deyeloping materials ' 
to improve the mathematical 'prbblera^solvdng abilities ..of students in grades 5^8f, . ' 

using calculators. The materials are kvailabre in classroom^ sets for. ^perimentation. 
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ICoip^s, Sidney J* The Use of Electr'onlc Calculators as fn--Class Instructional Aidi , 

in a Ninth-Gj^ade Arithmetic Program, Unpublislted doctoral dfisertatlon. University, * 

of 'Squthefn California/ V978. Eighty ninth-g^de low^ and underachievers in 

fojyir .arithmetic classes participated iii this 20-week study, /The two experimental ■ 

classes used calcul-ators instructional aids 'and as the sole solution^source for 

50^ or for 75% of each in-^class aasignment, while control alassef (from ai^other school) 

did not use calculators* The Comprehensive Test of Basic Skills was ^iveft as the 

pre^ and posttest, and a researcher-constructf d test was corapleted t^ice (first by 

h^d, then with calculators to correct) .""No significant differences were' foun-d on th& 

standardized testr sig|iificaht differences on tne researcher's test favored the experi^ 

mental groups both wit^i and without calculators, ^ . , . ' 

Lunder, Dennis A, Tine Impact of the Calculator on Test Anxiety foe High School 
Consumer Mathematics Students, Uhpublished doctoral dissertation. University of 
Denver; 1978^ Consumer mathematics students^(n = 159) in grades 9^12 in three ^ 
schools were randomly scheduled into two experimental groups (using calculators) 
or two control groups (not using calculators) « One experimental and one control 
group useH calculators. on the posttest, while th4 other two groups did not. Using 
calculators for instruction and testing resulted, in hi gh H |s cores than not using ^ 
calculators for instruction -but using ihem on the test, ^'est anxiety was also explored; 
use of the calculator did not significantly reduce anxrety, . J 

NJason^. Marguerite. The Hand^held Calculator in the Ele|Tfentary School, An Explora^ 
tory Study of Two Issues: Dependency and the Effect on the .Problem^solving Process. ^ 
In Research fteportinq Sessions, NtfTM 57th Annual iMeetlng ^ Columbus^: ERIC/SMEAC, 
March 1979. Pp, Two pairs of students ^ matched on mathematics pretests, 

were chosen^^ at each grade level from 2-6* One student, from each pair was from an 
experimental class which used calculators , and 'the other Irom the control class which 
,did not use calculators. Each student was given a set, of computational exercises and 
five word pro^l^ms to solve in once-a^^month interviews. All students had a calculator 
available* The mode used to solve exercises and problems was recorded., There was 
no ^evidence: that students became calculator dependent. Follow-up tests showed that 
'it was advantegeous. to have Galculators av liable for certain types of. exercises (auqh 
as division for third graders) * 

Moser, James M, The Effect of Calculator Supplemented instruction on the Arithmetic 
Achievement of 'Second and Third Craders. In Research RepdHing Sessions, NCTM 
57th Annual Meettng . Columbus: ERIC/SMEAC, March 1 979. Pp/ 29-31; ' Parti- 
cipants were children in^grades 2 and 3 in eight classes in two schools/ One school 
was implementing a traditional curriculum and th^ other used^the DMP^program* The 
caicuiatqr was ,us#d with the ongoing programs; teachers were given suggestions on 
how the c"\lcuiator could be used,, and kept logs which were validated by unannounced 
visitations, Amoun| of use of palculators rang^ frem 36% to 79% of instructional 
days, and fronh 16% to 48% of insfructional mmutes. . 

Shin, Joseph, A Survey on the Attltucte of Schoolchijdren Tow^ards the Use of Cah 
culators in Schools. Calculators/Computers 2: 39-41 ; -November- December 1978, 

A questionnaire given to four classes (n ^'152) of fourth formers in a Hong Kong 
middle, school is presented,' More than 77% of the children had some experience using 
calculators; 60% of them their • families owned a calculatbr. Over 76% thought that 
calculators should be' used on tests* Other findings are alsu^given, and the value 
calqulator uae is discussed 



Rlsing/carald k/; Krist, Betty J.; Roesch, Carl; and Jewell, Wallace, Using 
Cal culators in Mathematics . National Institute of Education Contract No. £J0O-78-A01 3., 
^tate University of New Yo?:k at' Buffalo, 1978. This preliminary set of materials ; 
incorporates the use of programmable calculators in the standard mathematics curncu 
liira ui grades 11 and 12 (fbllowlng the New York State syUabus) . Chapterf 1 through 
7 are available to those especially interested in trying them .out. 

Calculator Inservice Kit . Prepared by Matliematics pivision, Nortfi Carolina State, 
bepartment of Public Instruction. 1978. ^ In this notebook kit are transparency 
masters, calculator games, calculator activity cards for grades 5 through 9, and a 
calculator problem card deck for teachers.- (For information, contact George Immer- 
zeel, lawa Problem-Solving Project, page 2.) 

RESEARCH REPORTS (WHICH MAY ALSO CONTAIN. IDEAS FOR INSTRUCTION). 

Blume, Glendon W. The Calculator's Effect on Children's Solution Processes. In 
feearch Reporting Sessions, NCTM 57th Annual Meeting . Colunibus: ERIC/SMEAC, 
March 1 979. Pp. 59-61. In this exploratory study, the 21 seventh-grade pre-algebra 
students tended to use different solution methods when' working with calculators than 
when restricted to use of paper and pencil. 

Downes, John P.; Jensen. Rosalie S.; and ||hnson, Hiram D. 76 Questions- A 
Syn thesis of the Research on Teaching and"? earning Mathematics . Atlanta : Georgia 
Department of Education, Deceinber 1 977. ERIC: SE 025 422. One brief section 
considers research on calculators. 

Gallery, Michael Edward, teaching Calculator Us^e and Checking Account Skills to 
the Mildly Handicapped. (Utah State University , 1 978. ) Dissertation Abstracts 
International 39A : 2866; November 1978. Two "packages" on calculator skiUs 
and on checking account skills were evaluated with 38 students from six high schools 
and- two junior high schools. Eighteen students received instruction on the packages, 
while 20 students were in the control grpup. -The difference between group posttest 
means for both packages significantly favored the experimental group. However, 
the mastery criterion was not achieved on either package. 

Jamski, William 0. The fcffei,!, of Calculators un Achievement MAJ YC jQurnai 1i. 
52-56; Winter 1 979. this is a report of Jainski's disaertatiDi. research (completed 
in.197'6) with sevenil, graders. He concludes that the calculalor appears likely to 
be successful with some topics, auch as fraction = decimdl converiion, but not with 
others . 

Jewell WaiU^B I- Hand CalculatuiS in ia4.uiidd.y tduCallun. tv/aludUu... 

Analysis and Directiun Unpublished doctoral dlsseitaiion , Slate university or r»^w 
York at Buffalo, 1 979. The purpose of this study was to analyze and evaluaie 
□ resent hand-held cal^uljujr uses and materials and propose possible directions twr 
their utilization in the near tuture. Also indluded is an analysis of the usual high 
school mathematics curriculum of elementary algebra, geometry, intermediate algebra- 
trigonometry , and elementafy functions with regard to calculator implementation. 

Kobrin Beverly. The Hand-held Calculator; Effects on Intermediate Grado Mathe- 
matics Achievement. ( Brighani Young University , 1 978. ) Dissertation Abstracts 
international 39A ; 3354; December 1 978. In grades 4-6, the experimental group 
(n = 75) used calcuirttors for a year at least one hour per week on selected, calculator 
acti'/itie?. wmle the control group (n = 141') did not use calculators. No significant^ 
differ^hcaa in achitivement were found between the two groups. 
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Suydam/ Marilyn N. (Editor). Investigations with Calculators: Abstracts and - 
Critical Analyies of Research . .Columbus : Calculator Information Center, January 
' 1979V ' This document contains' expanded a.bstraGts of 36 reseai;ch reports in which 
the use of calculators was explored, with, comments on each report by the abstractor. 

Sietela. WaJter. Hand=Held Calculators and the Learning of Trigonometric Ratios. 
^- Journgl Tor Research In Mathematics Education JO:^ 111-118; March 1979. The 

investigator and the regular teacher us^d specially designed materials for teaching 
trigonometric ratios to 131 'students in grades 9 and 10 Randomly assigned to groups 
using^ calculator-based instruction or not .using calculators for 13 days. Students ^ 
built their own short trigonometric tables us^ng measurements of specially constructed 
"right triangles. On a quiz one week before the final test, the calculator groups 
scored significantly higher than the non-calculator groups. There were- no signifi^ ^ 
cant differences on the final test or in attitude toward learning ratios. 

Ward, Dennis Elliott. The Effect of the EJectrom^ Calculator on Problem-Solvlnq 
Achievement and Attitudes Toward Mathematics of General Mathematics Students. 
(University of Southern California, J^978j Dissertation Abstracts International 39A ; 
4038; January 1979. In the first semester of 1977-78* 92 general mathematics 
students wei^e randomly ass].gned to two experimental claases (using calqulators) and 
two contwJ classes (not using calculators), ,No significant differences in problem- 
.solving ^levement or attitudes ^^re found; no gender effect was found. Better 
readers tended to score'higher on problem solving both with and without calculators, 

Wheatley; ffih^rlotte L, The Effect of Calculator Use on the Problem Solving Strategies, 
of Elementary School Pupils. In Research Reporting Ses sions. NCTM 57th Annual 
MeetlnqV Columbus^: ERIC/SMEAC. March 1 979. Pp. 25-27. Fifty fifth graders 
were involved in this'study; 25 were from classes that had used calculator^' for 
three months, while the other 25 were randomly selected from two classes wifh no 
previQuS in-class ^Iculator experience. Each student re^onded.to five selected 
problems during 40-minute sessions which were tape-Vecorded, transcribed, and cudcd. 
. The coding data Were tallied to obtain frequencies of strategy use and performance ' 
scores. The-^o groups did not differ siinificantly^on the raxige of processes us^d, 
time to solution, or per f urm^ance . 

Williams^ David The Effect of the U^e uf th^ Mini Cal^ulatur and an A^^ucUted 

Curriculum Supplement on Computational Skills dnd Attitudes Tuward Arithmetic Of 
Ninth-Grade Non-College Bound Students. Unpublished doctoral dissertatjon. 
Temple University, 1 978. This year luii^ study wai cuuducted in fivc^ junior high 
schools in Philadelptua. ^ ^ith three teachers ddch tcachuig un^ cla^s using calculators 
wlt^ the^^e^ular general mat iiema ti^s curriculum, uue cicis^ usixig th^ regular curricu 
hiui ^Uh .^LuiatOi^ ^i.d supplementd.-y ^dlcuUtux uial^riaU. and a uuLupari^on class 
not a:^lu^^ uaUulator^ . C.ciUuUtura wcr^ uot u^ed on pit, ur p. .attest (California 

Achievement Test), significant dif ft.ren..es w..re found in cutjp utational skill, 

'^hlle attitude dit fe^rcn^tiS taVured l^ie c^lt^uiatur gru^ps. 

Williams. Irene and Jones, Chancey U. A ^r^x iiiH ^.H^^il^^ Calcu 
lators in Advanced Placement Calculus Courses , ffinceton. New Jersey: Educa- 
tiona! Testing Service, 1 979. The questionnaire was sent to mathematics depart- 
ment chairpersons at the 204^ secondary schools that had five or more students taking 
m Advanced Placement examination in May 1977; returns were received from 154? 
schools, with UOi scorable. About 89% mdicat^d they pt.rmitt«d some use uf calculatuis 
in calculus courses. Slightly more than 'lO% had modified their courses to include 
spec^l techniques pai:ticularly suited to the use of the calculator. In only 20% of 
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the schools were calculators supplied by the school districts. An overwhelrairtg ' 
majori|^ think that student performance (on AP examinations) would not significantly 
be affected if calculator use was perinitted, . . ^ * 

MISCELU^NEOUS ISSUES AND CONGERNS , ' ' 

D^Ambroslo, Ubiratpn* Issuas Arising on the Uia of Hand^hald Calculators in ^ - 
Schools. Intarnational Journal of Mathematical Education In Science and Tachnqlogy 

9: 383^388; 1 978, , The use of calculators is considered from pedagogical and 

sociological- viewpoints •A.^ha effects of adoption of calculators in developing 
cojuntries and for deprived minorities is notfed and the role of calculators in problenj 

solving is discussed* . ' ■ ' 

Free, John. Pocket Calculators for More Than Math* Popular Scienca 214: 22ff; 

April Some features and some weaknesses of Ifquid display calculatprs are 

discussed K 

Huff, Darrelh Calcu-Lettar, Popular Science 214: 58; January 1 979; :^1 4: 23; 
March 1979- This bi-^monthly' column continues to present prqblems and discuss 
pmnts related to calculators. ^ f 



Usiskijf, Zaiman P* The Future of Fractions , Arithmetic Teacher 27^ 18-20; 
January 1979, The affect of calculator use on the teaching of fractions is among 
the fact0s6 discussed. 



Calculators,^ . Busiaes£)Educatjon Forum 33: ZS-^SI; January 1979, Various ^ypes - . 
of calculators available currently are described briefly. 

Flow Charts and Calculators, In Generaf JHigh School Mathematics , Albany, New 
York: State Education Department. August 1978/ Pp, 38-64/ ERIC: SE 025 300. 

The use of calculaturs is . encuuraged , along with the use of flow charts. Reasons for 
using calculators are given. 

Additjonal manuscripts iiav^; Lut^ii received f^^uiii UuUmu ^^iid from Shuiuway et ^1» (uii 
Vesearch) and from Snover and Spikell and from Sz^tela (on ins true donal %cti v^ities) . 
rhese and other references from newsletters of NCTiM Affiliated Groups and from non- 
t/S journals will be listed, along with references from Calculator Intui^ation Center 

tjullatins, in a f .ir thcuniin ^ publication. Calculators : A Categorized Compilation of 

References (Marilyn N. Suydam , editor) , which will be available later in the year 
from ERIC. 

This bulletin (af\d afl.Oth^i r^f^i^nce Liulletlns ttom u^^ Ceia^r) wa^ prepared by 
Marilyn N. Suydani, The Ohio State University pirecior of the Calculator Infonn^tion 

Center. 

This pubiicatiwii was prepared ursuaii l lu ^ cuntiacL wuh the NaLiun^l Institute ot 
Education, U.S, Depa^ment of Health. Education and Welfare, Contractors under- 
taking such projects under Uovernment sponsorship are encouraged to express freely 
their judgment in prufessional and technical matters. Points of view or opinions do 
fiuL, Lheretore» necessarily represent uf ficial National Institute of Education position 
o r p o li c y . ^ 

Copies of Calculator Information Center builetrns may be made for distribution- 
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Suggeations for Calculatot Selection 



1200 Chambers Rd. * 
.Calumbus, Ohio 43212 

(614) 422 ='8509 



Special 

Information Bulletin 
February 1980 



This is a synthesis of cansiderat ions^ and appropriate suggestions for 
selecting a calculator for student use. Note that it is important that 
a calculator be selected in gelation to anticipated curricular appliGations 
It is ^strongly suggested that the way a particular calculator operates 
should be checkad carefully: te*sc the calcolator ' baf ore you buy to be 
sure it will s^rye your needs. ^ ' • .. 



Things to Cons[Lde^ 
Type of logic . 



Suggest ions 

The type commercially known as "alge= 
braic", which allows data to be entered 
as mathetit^t leal sentences are usually 
written, is" most often ' recommended , 
altlujugh RPN (Reverse Polish Notation) 
is ad^vocated by some fur secondary 
school use. 



Numbef" ot functiutus 



{ 



At' least H-, K, and + for elementary 
school; those plus others as appropriate 
for secondary school courses,- If 
tr ignometr ic , logarithmic » degree, radian 
, hyperbollCi or other functions would be 

; useful In instruction tor a particulOT 
ma thematictfr sequence , then Lh^y shouM-^ 

%bvioualy be cdnsidered. ^ " V^..^.—^ J 



FloaLlug dec ijua 1, pui liL , ueggiLive sIh*} 
LtidL inim^dleitely ptscedtia a iieg^Live ' 
luiraber;. check the^ w^y the calculaLuL 
roLinds lufmbers . 



Ivpe ot J 1 splay 



ur pruce^lng liinlt r.^ach^d, when 
" 1 1 1 e^ai" opei^L iun i tt^ised . 

(AC leaat) 8-10 digits; eat^ii^ ic:uU44bic, 
agcepLabla viewing single. 

iu ^eiieral, each K^y jihuu'ld Iiam^ Ji\iy 
one purpose for elemt^ntary fchooi use* 
for secondary school, kt^ys may have more 
than one purpose (dcpejndlng on level of 
sLudent ) , 



Keyboard format 



ponf iguraL iuii and si^e ^jL kt-ys should 
faci litate accurate entry; on-esf f Hwitch 



1^.02 



Size and weight 
Power . sourcfe 



Special keys 
constant (K) 
,change sign^ C+/-^) 
parentheses 
square root 
percent; 
fraction : 
X f ac tor iai (x I ) 
X squared (x^) 
reciprocal (l/x) 
y to the xlJtl pow^t" (y^) 
xth root of^ y ( ^y.^ ) 
X exchange y (x#^y) 



Suggestions 

should be easily ac/cessible; keys should 
give some response/ when pressed. Note 
the position of the numerm^l in relation 
Co the keys . ^ 

Appropriate for the user 

Should provide long Service, conserve 
energy. One opinion: "Consider the 
number^ of operating hours per battery 
replacement or charging* Automatic 
power-down displays and delayed power^ 
off features insure the maKimJ.zation . 
of battery life, Long^lifa replaceable 
batteries seem to be the most cost-^ and 
t ime=ef f ic lent , Charging batteries and 
contending with electrical cords can be 
tedious," (Carav^ella, 1976^ p, 548) 

Anaiysis of the curriculum in which the 
calculator is to be used will aid in 
deciding how important these keys are 
to the user (for exaniplej the key in 

important if you want convenient manip^ - 
ulation of integers); generally, you 
will have' to^ "trade" some features for 
others you consider more desirable. Note 
how the keys handle the procedures. 



later Lecall (RECL) - a useful feaLurt; 
tor u^i^LS evt^ii ar eaily I^v^ls. 



eiiid aiibLractiuu C^l^) , Lu i.e pt±r t uriiit^d 
uu L he COM Lent uf d meniuty later; 
with r L en. L i u a f o i i a L e r r uc a 1 I (MR^^^t^v 
iiuiltidfc^ "meiuuLy cleai " (M(J) . wliich 
cua Id be useful at upper 1 eve is. ' 



tlt^lj^iul, iiicake L^uiTe lliciL IL i ^ aa^sy 

intferpLei the ^y-mbt^l (fwi exauiple, an 
"M" is easier than a ". . 



2> L tj 1 1 1 I 1 i i. . I i u L a tf i I. 



All L i Hnti L i , i^lls L .A 1 1 L 



up" Lepeaiing d ec i nid i a ) . 

A 1 i'^Mi^ i^a i 4. u\^L uL Lu ^uiiiiL; u.^Llj T OX 
which operations a cunstarit applies. 
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-Things to Consider 



Programming 
Printout 



Durability 



Sussestions 

and tha position of the number treatad 
as the conatant^-^note also that it may 
bperate differantly with different 
f unct : 



;ion^\ 



Could be usaful-"but generally coBtty. 

Not worth jthe current coat~bi/t could 
be helpful to some users if cost dropped. 
Note that a printout may take un-- 
expected form^^chfeck how symbols appear* 



Check on droppagej malfunctioning Inci-- 
dehtSj etc., and weigh this in relation 
to cost . ' ' 



Cost 

Reliability uf manufacturer^ 



Within thy budget , . . , 

Adequate (12 munLh) warrancy; repair 
service 



Reliability' ut vendor / 



PrunipL : 



u n s i V e He r v Ice 



Types of Ql^j)_laj 

Two different types of display are available; LED (Light Emitting Diode) 
and LCa (Liquid Crystal Disp^y). Each haa advautagt^.^ and disadvantages. 



less eKp^nsive 

most use 9- volt battery: 
r e 1 a 1 1 V ^ 1 y ' s 1 i u r L life 

UuLable (dBptiiadlag uii tht^ 
particurar calculaLur) 

can be Lead lu dark 

red or blue/gfe^u nuint=Lui^. 
liigher battery drain for 
blue/g.Leen thau for Led 

L c-d numeral H nuL i ceidable 
rrom wide angle; blue/ 
green generally readabit 
f rum wider arigle 



LLP 

slightly jnore expensive 

uses silver oxide battery (or 
AAA baLteries); iuindreds 
Lo thu Uganda uf liours of ^1 lie 

may be less stable (e.g., drup 
ping may cause display to 
bhifL or lu.^e parL of ^ ayuibul) 

"ilhiiitsdlciLe" displeay ayiiiUuls 

deptiiida uii ^uod i^tit^cted light 

Lidck UuineLals On glay or yelluw. 
low batL^y dreiiu 

i*=£iddblc I rom w^dt^ uii^lt. i itt 
guud 1 Igti t ) 



o 
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SttcClon M2.1-H2.2 "USING CALCULATORy : HUW--Nt)T aHOLILU" UtU.HThI) 
^ DUE TO MARGINAL LEGIBILITY. 



2 



■M3.1 



v.. 



)' 



m 



Where Can che Use of the Calculator Lead i 

, ; ' * ■ , 

.^fhe hand-held calculator can b\ regarded as the ^ . ' 

■ ' GREAT EQUALIZER . - • 

in the sense cHat now ALL can calculate. , • 

" ^_ * 

Reluctances CO use the hand-held calcula&r may well be analogous to 
Chat of using any of the ''new" calculators^^ algorithms as thfey were Intro- 
duced tliroughouC hlscory^ CalculatLons werf in earliest times with the aid 
of pebbris (stonesj "calcuU'' CLatin) ). in .graoves in the ground or in a ^tray 
of sand^or soils Later came the various kinds of abaci an^d Chen algorithms on 
numerAs/ Even algorithms have changed through the years, for there were 
times during 'which 34 x 76 was done Uri ^the ways ahgwti b^low. 






3 










'A 


7 


J, 


'A 










1 ^" 





The one 'at the left is called the "scl aLchuut metUod"^id Lhe one at th^ right 
Che ''g'elosia" or 'lattice fnethod/' The lattet Ud tt> the development of 
a«apier's Rods'' in 1617. Later c^ne th« .^lide rule and the computer ^nd iww^ 
;he calculator, i Would it 'be ^natural *tbat there was some reslsCancp to som^ 
of chase ? Yet e^ach utfeLed an impryyemeut in ^^ome way over , the preceding-^ :^ 
and ut^r mijids dnd skills did not ce^iSe tu grow ! Indeed, ■through their ust. 
came new uppbr tun 1 1 1 es iu mathemrft i ca. and^ In pL ob 1 ^ni= su 1 ving . 



Problem; Huwtcan the i.-alt.alaL-L h^J. i^r tecLl I y ^aud iu.l ^Miupiumi^e 

witL understanding dud ^L)mpet en«^y . 

he made "lu .rdtfr'' muit- ''.udl lilt'" prubUnis now ! . ■ 

i:'f\tlre pLubit.nb^nd Lt^ [iiak*^ .s imp 1 1 t i c at i uus 
before UHii\uj; the calciu^aLot — e.^-" the value^ 
uf t!i^ fluid in Lhc t.mk ,jt 03c/Kallun in 
iven by 

8.^1 K H.i A 3 . 1 b K ^ii >^ l^/d K Gi/lUU 

iNoLt-- Lhjt Lhti txpttiSaluU ail b 1 lap 1 I t i y ^1 

and Lhun i^j leu luted* 




M'3 . 2 



M3.2 



An exanl^e of a "real life" problem whos^' solution Is made oa^or 
now is to scudy the problem of how far tu cut-in at each cprrtir.of a 
rectangle In ordt to make a box of maKimum voluiMi' - — the ust' of" 
a table and a calculator 



b) to HetCer ^anderstanding of difforent Rinds of numbers-- thu, rac i tinji,! $ 
as repeating decimals (perhaps an InvltaCion to study periodicity of 
the repeating decimal); the ide a ol square root and cube root but 
hare to explore: ^ 5 k 5 ^ 25, ^23 ^ 5 but what two numbers (alike) 
^multiply to give 26 ? =^ problt^ms frt>m our environment too ! 



c) to greater efficiency in estimation If used in this dtrection 



d) 



12.6 X 40 equals about what ? Let ^Us see ! 

.13 X 457 equals about^'What ? Let us see ! 

Wliat numbtir x 25 lies ht=*tween 290 and 3^0 ? Estimate I 

Check ! ^ 



to gain fc! 
tr igonome 



a r ^^^y i d e 
tr\c rat 



eas on ratio ,and l he cuncep t ot (later to b^ cailed) 

A r i gilt Tr^i angle drawn as shov^ and wiLh thy 
calculator one can divide eachNheight by the 
cor respQnd'inl ba3e' ---^ ratio always about the 
same ! Useful or that can arise from 

atteip^ting to find the haight of a pole and 
the previous ac t i vi ty 'becpme a part of the 
prob I em-so I V ing process ! Studt^nts can inakt. 
c hi^ J r vjwn * ' r a £ i u tables" for J i f f u t c i i t 
angles, . ' ■ ^- " 




c) to become morr proticienC in muncal 
d e I f " a fe; a i i 1 t l h u c a 1 c u 1 a L u r ! 
K.g, 



arithmetic. Why not "pit one' 



734 
34 

14 



EKLC 



. a i c u I a L I- u ti li help w ^ , 

fV C v^Xpl^.t iLlwt... \^hl^J\ i^ .-4 ^ 

auL.s t an t i d L ud hy algehra. 



s 1 ... I .1 



/H 



61 



OH) 
U4) 



Liitjttj rx " jwi^.K- way" Ltj ^^v, i tht. lU^wul'.^i Juot ai-^vt: / Ca 1 u u 1 d l 
an SWl* r s a i c o i r t/ . i b iit c . i r'l ■ c 1 c- i & c ^ ,i w.i y ( a 1 h u r i l I im ) tt) p u r f l? r i 



M3.3' . , . . M3.3 

on the digits Co get , the answer quicKer ? 

Another Interestin,^ exercisa Is to ask the student to carculate 
' simultaneously (13)^ and 14 x 12 ; (15)2 ^^^^ 14 x 16 ; (17)2 

and 16 x 18 \ (16)^ and 15' x 17. 1+ence how can we quickly 
' calculatB ^23 k 25 ? 29 x 31 ? ut cu^^^ /*"^ k 

Laterj can ^he above "quick meXhuds" be substantiated by Algebra ? 

g) to facilitate Che escimatlon of roots as ^ 16 3 2 , ' 

♦ What whole number ^ cubed seems to be Just less than 1632? just 

^ .greater? , Hence we have a lower ' bound and we have an u^er bound . 
Can we find lower and upper bounds in tenths ? then in hundredths ? 
* Indeed hure are some important mathematical terms growing from 
simple things: upper bounds lower hounds sequence, limlt^- and 
students gain a "feel" for these Curms, ualculacors can help us | 
^ \ ^4 earn good mathematics vocabulary. 



h). to deepen ideas of number- theoruc i c concepts: primy numbers factor ^ 
.factorization. Therq^are u>^amples,of this nn various sources of 
pugges^ed^ uses of the calculator, ' 

-i) to lead to the idea of * solving' equat ions , / - ' . 

What nmber "wurks^* in' this expression ch^at ;iSj= what number 

.mafces: it valid (or makes up tiie solution set f) ? 
.1." 

J ) :tu employ *"algfcibra" in a Ul^w syLti-iig. * 

AlthukJ^l^ lIiet discu^biOii shtJuld perhcip^ cOUcUlu tiiu e 1 emeu L at y 
3ch.t)i>l, iL fuight^ btj puinfced out fit^ftn ttiat LtiL: atLeuipt tb Sol^.^ 

to,, Mi U 

:iy y\j,<^ fei.-.r 1 LUt. . ..u 1 til... iH 'iiiad^ ...aSici u/ L-w^tli^ thd abovt^ at, 

K { ^ ^ U > - ^ ^ } • ■ 



£it.riu.i)1 Co dt'Vu4fnr> more ineng a| H '-^'?^^^ ^ ^' t L hmtj L i . LtiUued uti^/ us., l Llie 
calculal.. I i u tlu- c 1 as a r i 'inm c tin wtj 1 ] fu' t ^. !u. ! [> device w.iys and skills wfe 
u^e I L 1 e s ! 




appaifM^Clv tlif. 'ium.ui I', am utlont' in ihLt Lt? Luck).- t fu^ aiihtlui 
mntical wni Id .nic'l Llit> worhl of I'^fii-r i nu;ii L .ind oUy i: r vat i oiu 



' One the one handj maDhe^atidi teaching should be permeated with 
concrata axanples. which give an. Impressipn of how wideLy and 
diversely mafehemat ic/al ideas penetrate into, human problems generallyj 
includtng everyday/ teclmtcal and aeientijf ic >m^tcers . -'on the other, 
hands it Is ^naeessary to tell %t 'least one -lengthy connected scary 
of the application of mathematics in real depth. This will amongs''t 
other thTngs coromunlcate the megs§^e that no^qne can expect to solv^ 
the whole of any problem mathematically. There must be an integration 
of experiment and theory; there must be a combinatton of mathematical 
Investigation with Inferences from observation and eKperlment and 
from non=mathematical modes of reasonings The best primary^school 
teaching is a^good r:eminder of how effectively such integration 
can be carried out^and can be an inspiration to those of us 
.attempting the sartfe ^at other levels of education, 

' ■. --Taken from the Presidential Address 

of Sir James Lighthlll, F.RgS, 
as recorded in Deyelo^ment iv^ Mahtemat^cal 
E due at ion Proceedings of the Second 
Internasronal Congress on Mathematical 
Educatlun (Edited by A.U, Howson), 
%^ Cambr i dgg at the Uni vers i ty Pr ess 1973, 
^ ' - pp. 95, 98. :\ ' ■ 



1^ Using a' Caiculator Iry Sedondary Scho ol Mathematics ' ^ ^ ' 

troductlqn ^ - , 

tha third recoiTOQndation in the An Agend'a for Actions Rfeconffiiendatlons for ^ 
hool .Mathamatlfcs qf the 19|p*s said ''Mathem^'tlcs programs must take full advantage 

the power of calculators and computers at "all grade^levels" , Five years earlier . 
e NACOIffi report stpted that all students shouiniave -access to a calculator by the; 
rof they reach th^^nintK grade. While there is some debate on the extent to which 
Iculators should be used in elemen^ry 'school, there la near unanimous agr^emen^ that 
lere are no rea? limrtg. on^ calculator usa^e iTi the secondary school* The question Is 
it whether, buO how. V ^ 

In ^-his article we explore some uses of a simple scientific hand calculator- (such 
. t^he TI-30) in secondary school mathema-tics ; algebra, geometry, l l igonume try ^ anp,lyaig, 
id a taste of calculus. While a fe^of the uses will be examined in detail, most will 
r? in the form* of suggestion which the reader is encouraged to purs^ie and tu adapt to 
.s own situatfion. , ■ ^ 

The princi^l reason for using a' calculator ia to foster realism: f 

to solve realistic problems with reallspic data'' using realistic algyrithms to 

ubtain realistic answers, x 

The ways in which a caSculcitoi can ba u^ed in seN^udaiy ^uhoui mciLiieui^tic^ tiav^ 
?en arbitrarily partitiuned intu six categutiesp 

I. Ar ithme ti.c " cai cui a^ iou^ ^ ^ 

li. Data generatiua ^ • 

^ ill. Concept Motivation and reint u.ui«iii l 

iV. L.ugat 1 L hml e diiU 1 1" 1 ^unuiiic L i 1 1= t. £i 1 u 1 a L i ijiia 

V AlgutiL hm^c- Cumpii Lat 1 uua ( y Oii C aii pL. l £ m i. tu i^.. t . i i ^. k i ^' ^ i y will. ^^ ua I*.. uJI^Lmi.) . 
vi. AI^uL 1 Llmiit. wuinpu L a L 1 oris (ywU \^waid x\%im^i. p^Lt-^rui wlLhuiiL v.^i uiaLOt). 

ih._-Le i& uiedrly d gray area fuL ea>.h *.,.*LegwL"^. ^"^^ 

Al I LloiieLical 4)^lcu i a L 1 uus 



rtie mosL ohviouB u^^e ot LtiB hatia ^ i k.uIaL.>t i -^ i p4iiii..iiii ai 1 l fiiii^ l Ic i > ^ i 4, u la tl uU^. 
le \musc be sure, however, Lhat Lhere d real purpuse lu doin^ Lha cai cul ^ l i un. Solving 
i€ equaL ion 3k ^ 1!? illuairaLfe^s the aamt |>l 1 1 cs as nolvin^ lIi^ ^squeiLlOn 3,^J9k ^ 15*01 

ilfe^ the laLLet equa.L ioii mudel=i hiULne icilaiLuaLiuii, , 

WiLh a ccirt. ulatur we can deal wiiti =^fnal! namberH aiid iai^e liiaiibL^i:^ (4^^^-^ L ■ c ^ i c i.ii a Lor a 
.^{jiay nuiubeta becw^en 1(3 "^^^ ahd iU^^^^;. W*.- can deal wllh muL.t^ a<-curaLe ptiyslcal values. 
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Lx ample . The, acceleration due to gravi^", ts app'ppximately 9.8 m/sec , but*a mora' 
ibcurate value is^given by. $^^^^ 9 JOB^k (1+ ,005288 sjn $ - .000006 'slri^' 20) 'Where 0 is 
:he latitude in degrees* 

^ We can f ind prime nuq^bers anci Pythagorean .triples, Wa ean compute the area, of a 
:riangle using Heron's formula or A ^ .5 xy^sinoL, We can. estimate binomial coefficients. 
Lxamp 1 e . ^ow^many different a), poker (P) , b) briflge'(B) hanas'are possibre? 

solution: ' \ • ^ . . . ' ' * 

. .52 52 X 51 X 50 X 49 k 48 S ' \ w .r.n ^^ ^ ^ * " 

^^^^ ^ ^ "\ 5k4x3k2x1 -^2,596,960 ■ 

. X p ^ .52. ^ 5Z X Si , X 40 X 39 J^. ^ = ni in^ ^ ' ^ ^ ^ 

lu 13 K 12 X li K , , . X 2 X si > ^ 

r '. ' A ' ■ ' " 

by calculator using 52 Q 13 0^51.^^^ 12 - — Q 39. 
(actual value: 635013559600). 

We tzan solve a puzzle with au un^^xp^cted answer (^ee F--33 # My). We can solve a 
^ealistitf problem: " 

e*' Giyen a large (right) circular cylindrical storage tank, determine where to 



mt ,the graduation marks, ; _ 

We can e-ven solve a ul^a^LOum favorite. 
Example , (Birthday Problem) i / " ' ■ 

Lli a ruum with l ^.eoplej find i probablllLy tliai til ipMBL Lwu Ltifcai have L he 



iame b 1 r thday . 



solution. We tiud-i i^r-^no Lwu people have lUt- i^nni-^. ijiiihday) 

, JO 5^ K 36)4 x^ ^.^j'j x_^C36^_-_ I ^ i .) 
365 X 365 X ... X ,365. 

^ha v^i.it. ^ ty>L vaLiowa I ate 



Pr 



iU 


4U 


: £^ 1 
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.411 


50/ 1 


/06 


89 



oh i u2 / 

ai. I,..4 i04 Q^] )fJ [k\ Hjj Ul i. 



L 1 L i a i ..iia i L ions , In daHl^nin^ algoriLtimSi w. ui:L^.ii try tu ..xplult this property, 
X aaip i e . - A lunujL i J i ^-=1 ^ e ) 1^^ Bcai ced t)v onu person whu tells ttuce otfteL a within 15 
ImiLe^s. Thu.'afj Lht i-^e^ ^^w^u^jIg each tell Ll>ree v?Lhers withlit tha next 15 minutes and, so ua. 
uw maiiy ptrdople k*iow mmor at the ^niA ot 2^,5 hqurs? ^ _ ■ •. . 

uiuLlori.' A llLtlc ref 1 ion shuw^ tlic auswur lu be^ b = 1 t i ^ j"^ ^ . . * + 



^£ w6 diSfnqt Jknow^^th|; f om calculate each term In' tiirn and add it 

Ro the memory ualng' the feUM] key,, but. a repet^ive .(recuralve) procedure, is easier.". 

:i{.s2'^i + 3r~rK^^X' \ • ,' - ' , v. ■ --; ■ 

io. that we :ma3^^ multiply by :3 Md add 1 ten times ^ that ' is 



arid; obtain 68,573^ ^^^^^^^^^ , ^ ^ . . ; ; \ ^ 

" ' * Th±s\repursive multiplication is discussed agaim in- V under polynomial avaluatidn* 



I^I^^- ; ^a t?a Genar a t i on 



iner^te d^H'^iL ^ol'^^ 



' / , One can parfonn calculations- to generate da&^'^L^^olving a prohlem with the 
hope of' f inding a pattern. There ar^ sthousah^s of^api;^blens ^fcLch could, sarvei as eKaniples 
hpre; we list just a few. . . ; , ' * - 

"v ' (l>'^ Ior which real numhere x is the quantity x (iH-l)^ . ^ 1 a square? 

m ' (2| For which intagers. n is ri a f actor of .(n--l) I ? , 

: : (sff C mentally? ^ _ 

r ' 43 X. 47, 25 X 25, 81 x 89, atcT'TC . , - ; 

, ; (4) . ^lind 'all primes, p for which 105 p 

4.'(5) Generate the Fibonacci sequence 1^ 1^ 2^ 3, 5j 8^ ***** (Calculator routinas' 



\ j' 1 1 BUM 1 ' FekC ■ I I^PMI 1. BCC 1 * What happaas to the ratios of . successive' , 
_ terms I 2/1, 3/2, 5/3, 8/5, ^ . . ? ^ - ' : - 

t(6) Investigate properties of fractions represented by repeating decimals* 
- (An unsolved problem) Take any integer n. If^^-^ even, divide by 2; 

. if n is *odd^ compute -^V^ , .^Repeat* Is l^always ^^^^ned? How many trials 
arevneeded to obtain 1 for a given integerijjn^^g \ . 

; /(8) Firid- thg pattern: V - : J » . 

/ 1?, 1?:+ 2^, l^ + 2^ + 3^, 1^ + 2^ + 3^ + 4?- V*** Justify your answer* ^ 

Coflgnent . This formulation of- a typical problem requiring mathematical induction is far^ 
better: fhan the usual: "Show A(n).- B(n) for n > 1 using fflathematical induction'-, 

GueMing the result first is a wbtfthwhlle experience. 



er|c- :./\ / . :.v:.,: , '^^^ 



eulators rwe find that 



III^ Concept Mottvatlon and Reinforcement 

^ ■ InyadditiDn to generating data to aid in a search, for patterns ^ the calculator 
can also be used to motivate arid ! to reinforce concepts, especial!-y .those involving functions* 
(1/ The f act that the doffiain of an ^inverse trigonometric Jrunction is restricted 
* Is often fprgotten. By checking some values on ajcal* 
/ / If f (x) ^ arcsin k, then' . 
^ ; : f (2ir/3) resuUs 'in "Error'* and . ^ ■ 0 

■ f (sinC2TT/3) ) ^ 1t/3 since 27t/3 Is not in the domain ^ 

f - evaluate other 

. functions outfeide their domains, ; 

One way to reinforce the coricept that a® ^ lis to enter any poaitiye number 
a» then repeatedly calculate. the square root; that is 



bf 



(2) 



To . study the process more closely to learn something 



about the rate at which^ 



(3) 



powers of a approach 1 and to learn of the limitations^ of the calculator, we 
could ask .. = . ' ' • j ■ . ' . 

^a) for which a does it require 20 steps to reach 1? ' 

(b) what is the maKiJniim number of steps for any a you can display on your - 
;v calculator — - — ^ _ 

(c) what liappens if we choose a < 0? Can we 
Way ii a < 0.? 

The algorithm in (2). also lookW at the ideaW of function composition and 
rate of growth* ^tou can investigate these ide^s for 
f (k) > 
(a) Enter 



Illustrate = 1 in some other 



functions other than 





2 




2 




X 







What happens for different. values of k? 
(b) What ±s the largest. X for which x 
"Error"? ^ <Note: 



(c) What 



X4) 



exp 



exp exp 



does not result in" 



INV l In] .) 



pos 1 V Icos 



Such 



happens if we enter k and calculate.'x 1 COS | 
To. introduce a concept ^ it is often effective to begin with a problem, 
a problein to introduc|f ratio and to use the calculator as well iii 

"Suppose Earth^^ rkpresented by a cherry-^stonep 
knd find the appropriate s^^e of the Sun. and; the nearest star (4/3 light years 



V IV« Lo^ri thmi€_ a_nd^_ Tr Iggftoma tr Ic^ Calcuiat ions ^ : ' . i 

There is no longer a need for. tables of logarlthtfls andv'^rigoriQm in 
the .back .of fi^e book* The calculator 'contains tKM greater accuracy. Most calculatprs 
can handlfe /angle measurements In degrees ^ radiarii, and grade and' can\.eraploy conmion or 
natural logarithms; ^Xhterpolatlon becomfe? an estimation tool to check reasonableness of . 
anB^ara. Rdund^of f toror is a topic for digcusgion* \ ^ * - ^ r^^^^^ : ^ ^ 

Trigonometry - = " \ ' ^ '>=^ - ' • =-=^'^- ^ . ^ . " -^^ 

V In trigonometry we can solve more realist ic-.proble (e.g/j*^ surveying) which . /5 
requliFe the de terroina tlqn of - lengths ; segmSnts or measur es of angles * ' We can plot, mor e 



-J 



a^curatfe graphs*; The, addition formulas, the half Bhd^4oiabij# ang^ apd the l±ka:v 

ark then used primarily in solving trlgoiiometric equationsi The sine law and the cosih^S' 
law can be used effectively. ' We' i^n verify "Telylor ap^p / - /r ^ i 

. Example^ If j x.| < . 1^ apprbxima te; the error ] sin W - x 1 ^d ] cos k m (1 --1^/2^] ' ^ >'.■ .:.. 

Trigonometric , identities can be reposed as trigonometific^ 
the student, to guess that the equation is an Identity rather than telling him/her /^^^ - ^ 

EKample * Solye for xr / = ■ ' ■ / ' ' ' : - 

(a) ^ in 2x sin X ^ 0 \ . . ■ ' : 

(b) s in 2x . H ^ '^^ - :■ " / ■ ' ' ■ 

■ ■• . > • ■-- V — ^ - 2 sin X =^ 0 ^v. ■ "- •■- ■ ■ ^ . . ' . .. - . . . / ^ 



(c) a^c sln^^ + arc cos x ^ Tr/2, 



Logarithms and Exponentials : -' ' • . - ^ 

We can J if we wish, i^e qnly cdBmoA and natural logarithms and show tiiaE in most 
.applications the base we ^choose does not matter, ^ -. v ' / ' 

Example . The world's pppulatlon in 1975 was 4 billion ani^-doubling every 35 years/ 
When will the population rea(^ 11/2^ b ^ 

Solution 4 P (t) ^ 4.2*5^^^ where 't = number of: yearri after 1975i Thus wa must solve 

■ : ' : \ ^ • ■ or i.8 ^ 2^^^K : ' 

' • ■ . . log 2.8 s log 2 

' ■ '^ 35 Igg 2.8 

U 35 (.4A7158Q3) 

, ^ -,,30103 



t = 5.1.989939 
. Y^ar J 2027- 



In 2.8 

t = 



35 

35 In 2.8 
in 2 



In 2 



. 35 (1. 0296194> 
^ ; ..69314718 



t = 51i989939 - 52 
year: 2027 



So the logarithmic .base, used does- not niatter;^^ We can Show why e is the " "natural" base 
by showing how the quantity (1 + 1/n)" arises In 'a compound interest problem and tfien 

as n Increases. 



finding v&lues' of (1 + l/n)° 

ERIC - V 



■ ' ^'/^-^^{We; can. ;also estimate large' numbers. ';/^^-v,:= -^V -'-' ■'. . ^ .-w 

°" Exaw^ife^ ■ The iargest tmo^ prima '(1980), ±B:,^f^*u^J/ ^ 1*. 'ApproK±tnate this, prim^ V 

Solution . If 2**^^.^^^,^::m-';io^-, th^n . "'r '-^^ -'-^^^^^^ ' 

';■ ■= ' /•44j497;-lbg\2*^'^log m>c:;; _ /'^^l/^' ■ ^ ' - . ■ =' =' ' ■ 

■■■■ •./:;'';13,394-932 .log-m+^c'-;. . •-'i'-^: ". \ - ;•v:/•;v:^■^^ ^- 

V--; ■ / ' v.- c ;^-13.394r log ;;:S3n^ ■= - : - ' . /' ■ ^ 

So 2^**^^^ -1 r S. 5448019 ^^x a number with 13, 395 digits^ ■ ^ : ^ ' V^^^ 

- r Wfe^ Of: e^nnerttitfi-functltih^ 

see why. they eventually grow faster -(slower) than p^owers: o£ x* ' v;^ ^ ^ ; v • / 

^Example . / Fiftd % so that , - : ; - ■ . ^ / 

r^^^ ; - a (1.01)^ > x b) (IVl) v, > log k< J^vTx for air real k > N.^ ; 

vEKample > ■ It is easy to eheck that: 2" < 3^* but 4 ^^5*fdv what valuM ofva^b la - 

..i^^r^-"'^. ' ' ^:b- ^.y-a^^' ■-^:vr--^ -.^ ' ""'^ - ^ >■ " ' / ■ = ^ v - . :A ^^' . v.- ; ^ - 

.a , <. b .?■ ■ •. ■ • . ■ = ■ ■ ... _ • - . •; • •; . ■■ . - . ^ • ■ 

. Studying exponehtlal eKposes some.df . th& limitations of the calculator 

" Ekagnig.* Wiat is the largest power J^^o^^ a) ' 3 ; b) e. 12 your calculator will display 

(in scieintif ic: noitation) ? ; » ; . I 

, Ex^ple> Find the largest x so that " > " 

^ ^^^x^ ^ 1-^ In 1 : | In^ I in l does not result ' in"'*lrror" • - - - v /^: - - : - : 



y^ Aigoyithmic: Computations V(you can perfom more effectively with a ca lculator) 

' Again, there are many examples; we give three in detail and mention few others* ^ 
V " (1): -Pblynomlal Evaluation ' : - ^'^-^ ' * 

^ The Remainder Theorem givea /us a convenient short cut for finding the value P (b), 
say^ for it tells us- that P (b)^ - R ind R la easy to coB^ute, To perform the dlylsion 
called f or ' in the Remainder TheiorOT synthetic division ,^ 

Illustration L Di^de - 3x 2 synthetically, ^ ;^ 



Solution .. Form the array, noting that the coefficient: :Of K^ zero; (We normaW.y ^ 
pjtac4^ the "2*\ associated with t on tte^ right) * ■ ; ' 



■^ ■ ■■'a- -1 -2 h3""^-3^:^'^RV ■ ■ ^^ ^ ' = . . ■ - - * 

The quotient Q(x) ^ x - x ^ 2x - 3 jthe Remainder R ^ -3- By direct computation : we ; 
also find; that P(2) ^ ^3 . \ ' ^ : ' ^ 

: . Synthetic division Is also taiown^as the nested multiplication method of evaluating 
polynbmialSp Consider the fifth-degree polyn evaluated at.x ^ x-j.^ 
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+ kg. 



We ean rewrite this as . j ; \ . - 

({[(a^K^ + a2)Kj^ + 33] + ^^^^^^ '^"•^ 
In the orlllnal form, 5 + 4 + 3- + 2 + 1^ 15 multlplicatldns are required, plus' Jive/ , 
additioris. . In tha nested form, only five maltiplications are required ^ plus five , r ' 

additions; it is obviously the mora efficient method* ' 
Y Comparing with the equations b2 ^ t 'Jfa.jfXj^ ^ .a^x^^ 4- a2 and b^. ^i-l^l 
synthetic division j Wa see that the sudceSsi^fJ terms are formed in exactly the same 
wAy so that synthetic division and naated molfriplli';ation are t^.,-atfes for thSj' same things 

Illustraelon 2. Using nested multlpllcatloii, the polynomial In Illustration 1 becomes 



P(x), = x* = 3x^ + X + 3 = 
X tx^ = 3x^ + 1) + 3 = 



X [x (x (x-3)) + 1] + 3 so that PC2) = , ^ 

2[2 (2 (2-3)) + 1] + 3 = *3 ' ' . ' ' 

^ich can easily be computed .on a calculator by first a tor ing^ 2 and, then workdjig from 
the -inside out ^ the oalculations are identical to those^ in. 111. 1* 

Notice that sunmlng the geometric series' 1 + 3 + 3^ + * i • + 3. ^ee Section I), 
is equivalent to evaluating the polynomial P(x) ^ 1 x + x + + x when^x ^.3^^ 
(2) Quadratic Formula ~ ^ ^ ^ " : r . 

, To solve ax + bK + c — 0 r 

^ =: ■ ^ ■ . . , . ^ = 2 ^ ■ ^ ' ■ ^ ■ . ■ :. - 

on a cattulator. we fi'rst let D ^ b ^ 4ac, . ' 

If D 0, the solutions are given by . • 



^1 = 



-b- 



and r 2 ~. 
Note that 



2^ . 
-b + 



2a 



2a 



2a 



2a 

2a 



er|c' 



This ralat ion s^ggests a prograns 
[Compute yb/^a and store it«^ 
* y ^ juompute --b/za, I 

sub tract the stored number i 



"1 ^ ^a 



2a 



Add the 


Stored^ 


number twice i 




1^2 ' n 


^ 2a 


2a a 


a ' 
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) V We can chmck the: solution using nested multiplication to show P (^'2) 
that is, . V - 

calculate (aro + b) + c and hope.lt is esaentially 0* 

Check yourse^-. os^ 'V . ^ = 

3.42 x^.- 2.57k + .23 - 0. We find"' ^ ^' ' , " 



D;^ 3.451^, = 1*8597042 * 



/ 



2a 

and.** (ar 



1^ -1 .2718865, = .1038444, r2 ^ .M76175 
+ b) + c - .^E^lO^ v-4 X 10 



in (98, 13584) yielding another 



A Saxl? comniints about the progrM. Storing numbers, that are used several times 
in a progriLm^is good practice; it cuts the risk of entry errors. With just one memory 
available, we first store /^/2a, generally a numb^^with many digits. After finding 
exchange V^/2a and T2 bo that is now in the memory and PCt^) ^® calculated. 

(3) Randcmi digits ^m; . .^-^-^ ■ , ■ 

One procedure for generating 5 digit rand^ riumbers Isi 

(1) Eiiter ^abcde (e.g. .71632) 

(2) Multiply by 137 (98.13584) _ 

(3) Subtract the integer part of the resull 
random number C. 13584) * Repeat, 

-Thjough this procedure occasionally failsV^|t is instructive to think about why it 

.works when it do^s, 

'Other possibilities includes 

rskfatcKing graphs by calcuia ting f (a + ,li), n^ 0^ li 2, 3, , 
• calculating limits: ^ 
^' V*fihdin^ 

•findini the equation of a "llrie of^ best 
- be done J even in Algebra I ^ if we plot joints carefully and simply "eyeball" 
y the answer. i •• . . . . ■ ; • -, ' ' . ' - 

' / One must exercise caution, however ^ because ^f round-^off error 

Example . Graph f (x)^ sin 2 Oft x, 1 < x < 1 4 We would get a mistaken impression of thi 
graph if w© calculated f(=^l + .In), n^ 0, 1, 2, .,, ' . 



fit" or least square'V line. This can 



Example . Find l±m 
Calculation -;giyes 



( /x^ + X - x) 





2 

i 10 


■ 105 


106 


■107 


108;: 


io9 




f ,99995 


,9999 


.999 


.99 


.9 


0 



15 



limit is 1,, round-off error affected th^ talculatloirts for x > 10 . 



VI,. Algorithmic GomputatiQns (you would nevar perform with a calculator) . ^^-7 

We could give^a mini'-course In numerical, analyai-a In this sec tiony' but ^^we 
rastrict oursalves. to two notionas (1)/ increased use of trial and error, and 
(2) .fitarativemethoda to solve equations and linear ays taenia* 

(1) \ Trlar^ and Error ' . - . 

Bacauae the calculator allows us to perform a great many computations JLn a 
short. time* a basic trial and error strategy is often practical arid efficient. 
E%ample .. If you invest $1000 at an annual percent^e rate of 9*23%^ how lorig will 
it take you to triple your .^ney? * 

Solution . Jhe problem ds^,equlvalent- to solving the equation (1*0923): 3 * 

which can be done using logarithms. However p a 7th grader can solve the problem . 

using trial and error as follows s 

rtfol Tin 



1-0923 

shows 12 < X < 13 



RCL^ 



ROL 



:12.5 



^ 3^0149j it takes 



further checking shows (1*0923)' 
apprpKimately 12. 5: years. ; / 

Ekmple^ * The safe load for a beam of given length varies Jointly as the breadth b 
and the square of the depth d^ (see Figure - . ^^at ia the approximate breadth and 
depth of the. strongest beam which can be cut from a cylindrical log of diameteff^ 25 
Solution. ^ ' 



olut 

f 





-/ 



Figure 

Since s varies jointly as b and. d, we. know s - kbd . The problem , now^ is to 
estimate the values of b and d for which s is the largest. We' make a table and 



proceed by trial and error. 



r 



b 


6^ I 


s » kbd^ 


10 . 


525 


: S2S0k -'c 


11. 


504 


5544k 


12 


481 ■. 


. 5772k 


13 


: 456 


5928k . 


14 


429 


6b06k , : 


15 


400 ' 


600dk 


.16 


369 


5904k ^ 


- 17 ■ .■ 


336 


' 5712k . 



The Pythagorekh Theorem tells^ua 
' d^ ^ 25^ - b^ - 625 T b^ \ 



Looking at the tatle, we see that the largest value o£ s occurs when 14 <,h < 15* 
To get a more accurate estimate we make another taib^if^ 













14.0 


429,00 


6006,0k 




14.1/ 


.426.19 


6009..3k 




U.Z 


423.36 


6011- 7k 




14;^3 \ =; 


420,51 


* 6013. 3k 




i4. 4 ; 


417; 64 


6014. Ok 




14.5 = 


^ 4i4>-^ 


6013.9k L 




14.6 


{411v84 


6012.7k 7 / ' 




^ 14,7 ; 


408*91 


6011. Ok =• 




- . •. 14/8 


405,96 


6008. 2k 




: - 14.9 " ' 


402.99 


: 6004. 6k 




15.0 / 


400,00 


6000. Ok' 



3y eKamining this tablaV we see chat.the maxlmim ' value for s. ocouri/whierilib^ 

aricLi^ 417,64^ 20.4. ' ; ; ^ . " - : j : 

Exampla . . ; A cylindrical can holds 50 In^ , ^Flnd the dtaansibris ;ql^^^^ 

minim™ surface area.- ; -i ^ * 

SQiutlon . This problsffi appears in every calculus book, but caiii in factj be soiyed 

by trial and error. \ / ; ^s ; v - ^ .'i;^ 

(V - volume) " . ^ ^ ^ ; : : :V 

(SA^ surface area) ^ ; . 

- slncfe h 




V ^ -kr h m 50 ^ 
SA - 27rrh + 27rr' 



SA(r)> 2TTrj 



50 

Trr ^ 



:When.r^ls.smll, SA(r) is^ larga and wh^n r la l&rga,-SA(r) is also; large, Thua; SA(r) 
has a minimum and its graph rasambles Flgura 1. A(ter a little checkings v^ make-J 
a table of values for 1,5 £ r < 2,3, ^ _ ^ ./v^j.;^ ■ /\ V 



r 


1.5 , 


= 1.6 


, 1.7 


1.8 


1.9 X 


2. 0 


SA(r) 


80,80 


79.59 


76. 98 : 


■ 75.91 


75.31 


75.13; 



Figure i 


.r 


■ 2.1 


2.2 




SA(r) * 


75.32 


75.87 



Thus the .minimum occurs when 1,9 r </:2;^lv. We make another ^taHle: of values 
1. 9 < r < 2,1 letting r increase by . 01 teach time to obtain ^a morfr ^a^ 



<2) Itar atio n : . ' ^ 

Our discussion of iteration is giyen in portions of several artiGles 
concerning Iterative methods in solving^^^e^ one varlab3.e) and linear ^d 

non-linear systems, V We interject . some personal conments from time to time. 
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"I 



Pix0d Point Iteiratio n— Ah^^^ 1^^ Way to 



i' 



homds iutts 



How do you begin a calculus course? A pTO^ review? 'A?discusiioii of th^ 
slope of secant and langenrl^^ of limiis? In iKis ariitle we^ 

an .alternative, .a discii^^ Itcralion which ^mSines ihfe Jbe^i 

features of each of these thr^e (radiiibhal approacKes arid which is ideal for Ih©^ Use 

_ of ih^hand calqu as well. Fixed Point heraUott (FPt somiUmes called Picard 
Iteraiidn) is ^ root-finding algorithm discussed in ^mo^t elem^iary numerical v 
analysis books (e.g,, [IJ, [3]) and in at least two inewer calculus iexts <[2 [5]):T^ 
illustrate our approach we examm in detail, one example whicWrfeuld tover the 
first few days of Ihe cpurje. We conclude with a discussion; of the aBvanta|es of thii 

^^:^.iijeihdd^^^-'''7''"^'":::""-:r- r^^-^-^^^--^.^^^^^ ^.^.^^m-. 

An Example ; " ' ' , • 

The following outline of a classroom scenario covers the first fc^^ days qf the MUi^i. 
. Some paraphrasing and condehsihg have obvipusly bedn Jdbhe. i vV; 

TEACimRr : Now that the mechanics of the: course are cleari solve the Itellowing 

problem:- i ■■ r. - / . ■. ^. ^. . 

/ ; ■ =. \ . ■ : "'t;-'-' - '. 

Problem, Find the roots of 3^ +1 ^ 0. How many roots are there? How 

could you find .them? - * . ; ^'r ' 

i^LASs: Three roots. Sketch the graph. . ; - y^ 

T: How could we find r\ to three decimal place acciiracy? \^ 
Cl Try the bisection method [or words to that effe^^ 
Use your calculator to find 



Each student performs c^ to detennine that r^^Ml.Omm^^^dl 



computations IS 

n > 



^ 0 



: * 333333 
;.3i*Sfi89 ^ 
^ . 3^7lte 

.3U7a96-. 
i 3^7^90 



1.^5833 
i,367l»^ 

* ^66697 

,353731 
,3^8067 
,3^7392 
.3^7308 
*3i*7iiS 
.3**7a97 
*3ii7iifi 



. 360615 ^ 
.3»*S?IS 
A. 3^*7^*92: 
■•3^7Sb' 
. 3i*7i9i 
*3^7i97 
.347354 
.3^72*^ 



^0 » 

U63fc73 

"1**09783 
23.27051 
UiOO> 78732 



.35 .345 .347 



.341 



.3475, 



y --3^4- 1 I -^ J75 .127 --J34 -..007 ;006 -OOOS -m\% -mA 



:^T: What if we wanted six-place accuracy? Is there a more accurate and efficient 
method? Let me suggest one possibility: To find an x satisfying ^^/^ 3a' + 1^0 
is equivalent to finding an jc sausfying jc^ (jf? + l)/3. Witb^you^ 
choose an iniiiai;guess x in (0, 1), lie^te using x ^ (;r^ + l)/3 arid sea what 

Dens* ^ v • - - • - • " " 



With x^ X fur eximpk we obtain jr^ s J, *« .375/^2 W j5M -.347737. 
jr^^ .34735ft jf^ -J4730 

T: Notice ijiat we can stop wfien two cbhsecutive Uirates are identical What 
values of Xq could be chosen as the initial gu^s? 

The jtudents check; several possibilities on their cKculators. Table I illustraW wflie 
of th(e casei. v ^ • 

T^ jDiusfor -,U5 < jr^ < l;50 (approximately), the iterates converge ft therool' 
olfaenvise they diverge to +^ or These results raise (at leastf^wo qu^ 

p(I) Under what condiiion(s) will this algorithm ^ 

(2) How can. we fmd^the other two roots? _ 







: 090333 




* 333S79 






.33U9ii 




,3W5S 




,3^7113 


.3^*729^1 


, 3i*7l7f 


,3^*7296 


> .3U729U 
.3^7196 


i3U7296 


, , 3U7296 



-1,85 



>i,7r»o 

-1*53775 
-.878766 
,107130 
* 3337^*3. 
.3^5715 
.J»7106 
.3^737** 
* . 3l*7t9i* 
,^7i96 



-1.953 

^a. 11*972/ 

-a.97815 
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First things first.. To try and axplaih this behavior, let ua see what hii^ni wh^ 
W€ apipli^|(j@'^tJel'*? l)/3 Id small iaiirvflfla tout fof several differeiil valu^ / 
of jr/To make comparisons easierrwa taki.s^^raeiric intervals of leng^ .1 mtout : • 
^ucce^ivt itetates; For e?iampk« if Me t^e a symmetric interval of lenj;^ ul 

in interval df length .02^ one fourth the length of the original internal (Fij|ure 

1). ' ' V " — ' ^ ■ . " ; \ - -^^ '^'^'"^ 

If we now lake an inten^al of length *l abbut the hew guess, .375* (1.325* .42|J) 
and apply j we obtain^ : : . . - 

. . f ([J25. .425,]) - [J448/.3589]. ' : ' " ^ 

an^ interval of length .01^ or approximately one-scventh lhat of Uit oripBal 
jnterval tPi|ure 1 " . - ' ' 4,' ^ ^, 

If; on the oiher hand, we perfurm a mmilar ^et of cumpuiiitiunbv with tN. im^^^ 

gU€S3 jtq ^ 2. we oHlain the resuUb in Figure i^^^ 
- Interval /, is four times as long as tl\e interval of length ,! about 2; is nine UmeJ^, 

^s long. We observed that an iniiial guess of Xq ^ ;5 led to ihe rQOi ri while. thf . 
' initial guess of 2 did not. - " ■ ^ 

The students now perform similar computations for intervals around other value3 of 

' T: It seem¥ plausible/ therefore, that convergence occum if these inreryals get 
successively smaller (Figure 3). ^ ^ 
Fdrmally; i^^lt^ is^an initial guess for the root of g(^) and/^e take a 
symmetric: inieival of length 2c about j^q, then we ijiquiri / 



or 



2i 



< 1. 



After a brief intuitive discussion of the significance of lim c -* 0, we make the 
Dtflnltloh/ The magmyica^^^^ v v 



2€ 



This definition leads naturally to the 

Thaorem. The Fij^d Poinr lierfliidn Algorithm converges if |MF(|Car))| < \ for 
valufs of X near tha iniiial guess Xq, . ■ ^ ■ 

T:- Fprf(jr)^(;c^+ I)A wefind ; ! ■ , w 

Mr(g(arg)) « lim ^«^^jfo , 

.so that convergence is guaranteed if jr| < 1, i.e./ - I < < I - fe?iperimentally we 
saw thai cunvcrgenye occurred for the longer inlervah 1*85, 1*5). 




-Obviously the Magnification factor is one irtterpretation of the first derivative and 
we can make the formal definition any lime, after this point. 1 prefer to exploit the 
problem a bit more before so doing. * . ' ' 

T: How about finding the other two roots? , ^ 

C: Divide jr^ 3* f 1 by .347296 and solve the resulting equation using the 
quadrauc formula* 

Wedbtain ' * = . 



so^hat 

ERIC 



x^ ~.ix + 1 - (X - .347296)(** + .347296 ;t - 2,87939) 

r,-- 1.53209. f, « -1.87939. ^ 




III m»y happen Uiai giXQ ~ t) > gUq) and g{xo * *) < |(*o)-I 



Cr. We iriOst rewriie x^ - 3jr +^ 1 other ch6ice{s) for 

V - -^ TJt^) ^d MF(|(^))< 1 fqr^ neaH3iyid^ nc^^ : 
After so0i0 dUcussion, lh^ ^ y ^; . >: 



I 



.4 J' 



(and possibly othcr^ are analyzed and the rooU >2 and are detcmiinib uring 
apprDpriaic choices for g(jf), f : , ' , 'ir v^;^, , ; 



Comment ! In :pr act i'c a', . it is\jTiq:^^^^^^^ nQCB^sa tTl^i^Q^i ixid the V: 

magnification factor before iteratingC Simply rfewrit ^J^f^^ equa t ion 



- f (x)^0 in^^he form x^giK)\\ choQsa an initial guess 



K p , ariid^ i t 'e'r a t e-, 
to : r ewr.it i >,f .( k) - 
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in: tiie-2otm :^W|#k!^^^^^^ /^Another^ description of^.i deration .is given: J,n 
rte'xt^ tbort vsact^^qg^^ V "/ \ m^-^ - : ^ . . . . 

: ■ USE OF X = glx) FORM* ' \ ' - ^- - 

: / Wei now diseuss anothe** method that is of generDrapplicabUity, and which also 
lets us devaipp iome necessary theory. .We begin with the aquation /(ae) - 0, and 
/ ^ ^ rearrange it; into an equivalent e^pressio form / ' " ^ 

; .: ^; ' v: ^:M such that if7(^) ^ 0, ; rr^ g(r). : 

Under suitable conditions, whicli we develop below, the algorithm 

win converge to a zero of /(j^)'Cohsidir a simple 

which has obvious Too^ at jg ,^^^ : j 

. .Rearrartging yieldsr V . ' r/ ^ V - ..u- 



the 



+ 3, 



so .g(x) = y2* .+ 3. Starting with Jei = 4, we get r J 

. ,:■..", . ':' '^-'i ^^'s^ = ry^*- ■ :. "^: 

■ :':^"' .■■ •.: ; ii ^>/9.632 = 3.104, i ^/ :f'. 

. ' • : ^ ■ ' _ ' = v'OoI = 3;034. .. ' ■ \ 
'v: - ■ '".n^*.;, : >: « ^/9^;= 3.011. ^ \ ' 

..: • : ' •[ x - ' ■':■ ■ ■ . ■. 

(This is only one of many possible rearrangeipents,) The various iterates appear to 
Converge tO' s= 3, , ,■■ ■ ''■ 

The equatioh /(x) = x\ - 2« - 3 r P can be rearrangid in other ^ways also. 
For example, X — 3/(i -•: 2) is an^ alternative rear rangeinent of form jc^ g(*). If 

■ ■ .. . ■ ■■ ■' -■.-o^75.<'' . . \ : , . - - - . 

...... . . -.X5-.-V263, r- . . ■ .,, 

■ ... ■ :.. ■ ^- W* -0.919, • : ^ ■ . ' V 

. ' . x, - -1:028, ' y ' ■ , r 

• X, = -0.991. . 

Note, that this converges, but to the root at jc = -1, and that the iterates oscillate 
rather than converge monotonically, ' * 

*The method*^ CBlled by somMuthors jimply ' ' 



From jc, « 4 we 



:'M4^ 14 



p^which obv^^^^JSs^ divergihg, 

jj;^ ;; Figure^! riil^ the several cases; (a) shows tnonoronic convergence, 

c)scillatory\^nv^ and^c) shows divergence^ For a function 

fi g(^), the solution is, at the iAtariactibn of the 'line ^ % with the curve' 
I yi ^ W >very ease, we move verticaliy to thi curve an^^ then horizontally tp 
' the line; and repeat, r / ; / ' " ^ 



Figure 1.11 
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Commenu : " A f e w in t^e r e s't'ltf g p rob 1 an^s 



whose solut ions/' a'qH. inj^ol 



(1) 



Solva fpr 



cos x ^ ' K " 



■ ^ 



(3) 



Railroad ttack problem (see paper F) Suppose a sboO foot ; -r^ ■ 
long rallrbad tall 'is solidly anchored ^t. both ends " (no ex^^ 
joitiCs)^* Whean the rail - is hot ^ it^^ fexpands^by; 24#^^'et^/^^ H6\«( :^ - v-- 
high; off the'.ground''is. the midpoint of^jti^^ r ail ? ^ ;r;V: ^ ' 
flor w:hich Vreal number^ b . does ^he equ^t lJ^gtAi b -k haH^p-'^sf J 0 _ 
b)'l c)_2 solutions?, ^ " . 

Give' an eKanipie of two parabalas . who se graphs intersect In ; 



&xactiy'^a^O . bj L A). ^, d) 3 e).. 4 points, 



We no,w "loq'k at \1 1 irat 1^ for soljving .systems of 



equa f ions 



IT^SriVE METHODS FOR UN^^ ' ! m . " 

. ' We have already discussed the 'Gaussian eUmination method for, . ; frlc 
^; solving systems of equations/ We' shali='t)0\y .yj^ mcthd4i::V' " ^ ' -V ^ . ■ ' 

M the close of the section wc shall compare tjie/menu'.oKthe^Giul^^ . . . )^ 
: eUminaiion method and lh£,iQausk^^ ■-■ "i^i^^ 

Jp ' ^\y<- introduce ail ilrfi^^'Liye^^^^^^ . ; ' ' ' "^^ ' - 



Rewriting the system in tb^e ferrn^ ' — ' j: 



1 }.-.f.f 



we have isolated ^ in the first equation, iri^ the second, and ^ in the third. 

Now make a gie^ at the sblution/say x ^ l^ J m I/^ ^1^1 
The accuracy of the gue^s affects only the speed with which we gel a go^d 
approximatiom We call these valuai ^ 1*^®^ — I, 4"^- — h We 



substitute th^e valuer* In to the right side of system (2) to get values of i^: 
^.j/, and ^ that we dertote -^j^^'^, and ^^'^ 'V " ^ ' = -'^ . ^^hO 



1 



These values are then subs tjtut§d^ again into system (2) to get ^ 

^ , ^ ^^^^ ^ 1.6, - -a?, = 6.43 . .. 

? * ^ ^ . The process is repeated to get ^^^V^ ^^' a^^d'*l^.-^ etc/ Repeating \he 

. : *? ^ . iteration will, ijn^er ^rtain conditions, give us a better approKimatioii of ^l-M 

f ; , the exact solution each timf^^ For tills simpie sys^m, the solution Is eafilto^ 
, . . seen to be ^ 2;j? ^ — .1, ^ ^ 63 $0 that after the second iteration j^^™ 

' f A has -quite a long way to go. * . ' ' 

^HtivO^; (blldVvin^ tfiterQra ^ivcs one set :.of Condi tidns under whiGh 

=pt/f*t.V;^'":'-'^ ' this itDraaiyc^mcthod can be us^^ : : - ; . 

' = Theorem 4-1, Lei A be the malrfd'bf coe]ficien 

in n variables. (/ > , - . . 

- - ' kill l^ol' I = 1,2, " 

-^r ..^ ■ ,T - T ■ . ^ " / . 

*■ * -"^ j'V , * y di(i^onnl fikfnent ' . sum of absolute values of 

^' ' 'r:y ^ ' ' rf'i'lfy'fbw ' '^^\^if.na €ther /lemmts in itlt raw 
:^'''Y ■ " . I hr 71 the si'^fem of rf/ualinfn lias a unique solution and Uw iterative niethnd^^ ' 

'\..,^nnverjies fn this unique solution no mjiilif. what vqlues are selecled for llii 
hnjial ^^uesu . . . s 

T'fin^; tins mm I N^^^i^^^iJ^^^Jf^ ijs^^ tHag(J!^iJ^rlnmrn;lfit^ 
r(jvvs. . .\\'f' SIC that the 5iystnnTi^;u oura'^KanipIo' Kiitisfrcs tl conditinfL^.' . , . 

...... ■ ' ■ ? '2^1 • 



C ; ' ; or cnMi:sc,\iHe better the; inUial= gucsr thp ^qdiier orte g;|^ a 
Id wilhin h rccjijircd degree; praccDrac 

. adyantage that:Jf a made at any stag^'^rWs^r^crcly mcans^ / " 

a new inilml- ^y^ss instftutcd at tKat stagc*:^ . , " -1*2 "^^^ ■ ; 
= /,;|^%dx;;^>ph|r^^^^ the one above tliat:gua^^ 

,\.i^|tiy.ct dQriye conditions; Investigations havt^m^Ldc V = . V?, 

:j^K=availabIe various swiftly conv^Fgerit methods for various speplal systems 
^i^,pl^ equations. , ^ . . ' * ''^^ : , 

:r . The Gauss-Siidel method^ a rcfincnricnt oP ihc one alyovci Jcacj^ tq a Jli^I:^ 

- more rapid convergence. The- latest value of e^cK variable is substituted^ 
! . jin^o system (2) at each stages - . ^ , ^ * . : . .=^^:'■ 

. ' ^ . . : AsJ tferorc,,lct ^^L^ :y, :j^^^J^^i be . tbj;fi^itiai guci/ 
Substituting the latest .value'oreach ^VanlJ^lehi^fa^S^^^ 

,v^»> ^ ^ ^ ^ ^ :^ i- ^' nK-;m^r^;^^^^^^ ^^^^^ 



Tibia 4»i. First Method 



era U on 



= - = 0.5' 
2 



. : e ^ - 10 



27 - 2. 



(U 



25.7. 



= 6.4250 



Initial Guess 




0.2 




0.5 


2 


16 






1.975 s ^ 


-LOl / / 6.125 


■■■ 4 \ ^ ' ■ 


iQ24167 : 






2.009167 ^ 


--i;j307833 5.9i9g9l7 




.^5-001431 


;-.i;O0d4l'7 5.9.9v375 : 



Thtis aft^r:one iteration, ^y^*^^ti'1^:S:t7^^^ ;NottCicgp 



that ^#:lvd|?e.u^d;/''^ tlic most up?to-dati'value of" a:, to gct^ S and'wC/ Table 4^f^b^f^>^d^ MethM^ 
iiavc lised >^** ^iD€l V*-- to get i^'^ ! ; / Hu _ ' ' . \ ^'yl^Jvr^y^'^ ^ ■ ■ . ^ .^v.'.L 



Continuing J. ^ 



--1,0125 



27 ^ 2.t^^^ ^ J'-^i 



6.184^^ 



Iteration 








InUia.t'Guess 


1 V 


I 




... . 


^ : 0.5 


6.3 


; 6.423 




1.6375 • 


^1.0.125 


6.184375 




2.034896 : " 


-=1.043854 .. 


: .. 5,9935 is ^ 




2,013a37 . 


- I>0014n 






, 1,99940! 


^0;990597 


'^5^^999949 


■ 6. 


1.999524 I 


= 0.9990943- 


_ 6.000212^ 



^Notc. howj altcr'^nly twd itera^tifa^is, thls^ct is; niucli closcr^han -the set": 
^(21 f !g;.:^U) ^ -.0,7, ^. 6,45- ta the ^e^act soluti&^^^of at ^ 2, 
j^-^ ^ 5 Hoili rnrPlinfls. W.rrc pnit^rummrf^ jnr' tIH;::!p>mputc-r. 
j Tables *}4 anxi -1-2 ^ive iIic;fvSults' oblaincd IbrahiH partiuufkr sysleprt.^ 
• They iliiistnite the Gi&ims-Scidel meihod*r rriore japid^conWrgenceUo ihe 



, . ,0.001431 
Gauss-Seidcl McUiod * 0.000476 



0.0004J 1 
0.0001055 



^ . Tabic 4-3 gives ithe dTl]e;fcriccs between the solutions obtained in 
hHc twarilrtlio^^ and^thc acfual sohHinn Aftt^W^|K iternlio"ns,* The Gau^s- 
:Seidel method converges. much"rnorc rapidly/ ^-^^ ^ 



.. 0.002625 : 
:0.0002 12 



G^o mm en t s : ( 1 ) I&nrtition works equality 



fell for 2. by 2 linear systems 



Rives 



11+ 1 



-1. 



n ; 



n+1 ~ ^ 
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•2 




. 1.'. 


pW5 


1.6156 ■ 


1 .0039- 


•1 . 5 _^ 




1 . 


9:6 a 8 


1,9 9 22 


] 1.9980 















' \ . , M4,i7 

(2) A flow, chart for solving,-a' 3 by 3 linear system^uslng iteration 
( if ' appl icable) on a cQlcul^tor wich a single memory and an exchange 
key £5 ' ■ 

Enter Zq Che initial guess for z 




Repeat 



Lvi m now rmnirdrv the Ciaussian climinaimn mrihocl with llic 
(inim-Srldvl livmuvv nirtlincj. 

1 he Gaussian eliniination mrthod is finite and lead:? to a ^uluiiun 
I<ir any svstmi oj linear equatiujis. lin^ Gauss^ScidcI method cunvergcH 
only Un -[H-eial systems of ecj i3atiuns ; Uius it can only be used (br ^lich 
svstrms; ^ - ■- 

A second lac tor of compnnson must Ljc the cfTicicncy of the two 
rnrtiicKls,^ a lnn( tiiui nC the ULunber cjI arithmetic uperatioris^ (adchtiuri, 
sulitrat ilun, r!njhi[)iic^atiunj and fii\isiun) involved in' each mctliud. For 



a systf'm uf n rijnatHuis jn n variables v^hi r*/ i\it suhjtlon is unique^ 
Gaussiari ehnufuujon invuKes (4^- 4 - 7n)/6 arithmetic operations 
Ihc Gr^uss-Seidcl method requires 2n^ - n arithmetic operations per 
iltfiitiun Imjj huyr %alues oi tlir /uirnfjrr of arithrnctic (jpcratjons 
■required by rarh m< thod is, respect ively, approxifnatly 2n^j3 and 2^^ 
per iteratiny I firrt lnrt% it tb(^ mjmlK:i nf iieratiuns less than or cqijal 
\(in'\^ lluri liir iiff;u!«i nj(^ho<l nqulfis h Wrr iif Ithijirlii, fipioUlniis 
As d spt « ifu ( x.ijMpltv t ni\sidvi a ^iy^it^i ni ol 3HU equations in %)0 variables 
Kliminaliun rrfjuires IHJ)bf),0OU npt rations, whereas iteration requires 
IBOJjOO i/f.j* laiion^ p( f itriALiun I'*.-! 100 or fevver ittiations liic Gauss- 
Seidei nHrthud invuhcs ksh arithuicth , u is more: rtticicnt It should Ik: 
stalttj ihar (ianssiau t Iiinin^itr(jM ipi, tluni mscjlvcs nujs'tuni;nt ufdaia, 

Inl tjxainjjh^, s. v<ial ri,u^ nuiy luid lu \n I U 1 1 i i h a 1 1 t d 'Vlxls |^ tn,it 
I oh^urii!iii4 tUid t i^-,t|) uii I *Hiq.j»ittjrs h.iauvi ut cs.it.,-* .s. , j k f n.Uihlt.^i 
from this lat iuv I hus, even if (lie numbi r ol ncrdiiuns is niuo tluui fi/3. 
tiri at H/n inay M tjiiUc: Ij t <jiiq*utt i U/iu 

/\ f li u» I I .u ! I n 1 1 i 1 1 k; l u m pa r ISO 1 i w I 1 1 . . i . . . , i > . ^ 1 1 m r J , i , 1 1 , i . i * 
.il ilh in? thods HinifHf^f)!! ( rrors arr^ num/!ii.:.,nl ni the (^a^i^,^an c^lhi.jria 
li(>n method b> nsm^ th<^ fiixuting tci hm(jiir Hijwevfr iIk y tan .still br 
sJ^e^fjle 11m t I m.iS Ui the GfiUhS Seirlrl iri. d...d, Mil tlu ulht ♦ h.i.iil aic 
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SfiTS OF NONUN^ EQUATIONS 

As mentioned pfeviouily, the problem of finding tlie solution of a set of non- 
linear equations is niuch more difficult than for linear equations. (In fact, some sets 
have no real solutions.) Consider the example of a pair of nonlineir equations: 



e + y ' 1. 



(2.24) 



Graphically, the solution to this systeni is represented by the intersections of 
the circfe + y- a 4 with the curve y = 1 - e\ Figure 2,4 shows that these 
arl near (-1.8,01) and (1,^1.1). We can use the metlipijOf iteration to 
impfovi thisi approximations. Just as in Section 5, Chapter l,% rearringe toth 
equations to a form of the pattern x - fix, y), y g(.r. y), and ms the method of 
licfatlon on each iquation in turn. Under proper conditions, these will con- 
verge. For example, if we rearrange Eqs, (2.24) in the form ' 



X - ±V4 - y', (- sign for leftmost root). 



we get the following successive values, beginning with v, - O.S in the linl 



j-values; . . t1.§3 , =1,815 . .,,^1,^1^3 . -1.8162 . . 

y-values: 0.8 0.84 0.8372 ■%l'''0.i3?4 0.8374 

When we begin at y = - 1.7 toind the root to the ri|hi of ihe origin, we get 
i: 1.05 0.743 1,669 ■ Imaginary value 

y; -1.7 -1,857 -1,102 =4.307 

The equations diverge! (Beginning with ^ = 1.0 in the second equation is no 
help, This also diverges,) However, with a different rearrangement of the original, 
Equations, such as 



y - ±i4 - .V-, (=■ sign for rightmost roQll, 



(2.25! 



we get 

s: 0.993 • . 1,006 1,0038 ) ■ 1,0042 1,0042 

y; =1,7 =1,736 - 1,7286 ' -1.7:99 -1,7296 
The pair of rearranged equaiioiis in (2,2,^) cuintigcs. 



nguri 2.4 




3 :t 



Some of the difficulties with sets of nonlinear equations are apparent fro 
this simple example. If there are more ihan two equations in the lysicm, lindin| 
convergent fortn of fhe equations is mcreasingly dlcult, A criterion .for co 
vergence (sufflciency condition only) is as follows: 



Hie m of equatiohs 

X - y, I, , , ,), y - ^(A, y, L, . ,j, 
will comerit if, In mmmml about iht raui, 

• ' l/.i + l/.i + lAh 



< I 



In llic abgvs mci(udjllk5, subcilpl liuiiilkiii JcslgnuU.^ \n\[\\a\ 



liu^ Coi 
major pfi 
correipfln3ir)gl 



Siting all the panihl derivative^ and knowing whetc the hm « a 
[ems. Getting starting valuer for the inultidimcnMuncd bysleni is al 



■ ■ \ ^ ■ V, ' " - = * 

' ' ' '-'^ 

The House That Jack Built 
Jason W, Brunk 

^ . . . . . ^ = . .Dhio University . .... ... . 

On any given job the tool you are most likely cp need Is tke one you left 
atf the shop (Brunk^s rourth Law). Of course, if all you own aQ a hammer and 
^a screwdriver you can forget Brunk*s Law. Just bring your whole shop* Unfor-i 
tunatelyj that won't Work for me; I am so intrigued by^man'^s Ingenuity in 
devlsing'^tools that extend his capabilities that I'll buy a new 'tool at the 
drop of a^plumb bob. My wife says^rm a toc/l addict. It's true. I^get witTi^ 
drawal ByTtiptomi if I can't find my retractinW tape measure* 

As you acquire more tools you make any job potentially easier, but you 
also increase C^e risk that you will fall victim tp.Brunk's Law. Like Murphy's 
law-^, Sriink' s^ laws are natural laws; they can't be repealed. All you can do 
is acconmipdat© yburself to them-. This isn't really so difficult, fhe trick is 

^ to drevelop a cercain flexib^lllty of attltude-=a problem solving orientation. 
You stop thinking narrowly of a hammer as something to drive a nail or of a 

' screwdrj^ver as something to turn a screw. Rather j you concentrate' on xhe de^ 
mands of the^ task and ask, "Given the resources at hand, how can I best solve 
this problem?'- Of course, as any craftsman will tell you. It is better to use 
^ the tool designed for the job. But we are talking here about emergencies. 

" Three years ago I decided to design* and build an energy efficient house. 
^ £ am neither an architect nor a builder. But J discovered early on that y^u 
can do almost anything if you are willing to'worb at it (Brunjc's Third Law)^. 

Incidentally, it seems to me that the world is full of people who are in- 
timidated by machines, mathematics, new ventures , 'and anything mysterious or 
unknown. They seem to develop little anxieties about these things and build 
themselves into psychological playpens. Playpens (underline pens) are fine for 
' "toys, ^ut they offer a seriously restricLed environment and limited opportunity 
for eKplDr'ation and growth, as any ten^mohth joldjlnfant will effectively Inform 
you, 

Anyvay , 1 a^L uul lu build my dt^am house, aud uue ut uiy tlt^L ^it^iL^ 
was to add a few new tuols %o my shop. Now my wife was not too dlsLurbed 
when she learned that I wanted to purchase ^ new hanunerj a crowbar ^ and a 
50 foot tape measurt^. Nor was it very difticult to con v Int. e her that I ns^sded 
a new portable power s^w. But whau 1 luentiuned yeedlng a calculator- with 
^(juare ' rOot , yet-^--shK objected* Nt^body builds houses with squ^r^ rouLs. 

Il's h^id L CebUL L Ue poliiL. i li^iv/e oLa^rVt^d lu^tiy a r polite is aL work ^ 

and I've never seen one employ the square loot algorithm. Y%t tiiey still buiia 
h.tfuses^ bfcuaase they know little tricks. buch tricks work (though tite carpenter 
mky not know why), but t^ie l ricks are liuiited and intlexlble. If the carpenter 
faces a problem he has never faced betore he may be defeated. I*il tell you 
more about thac later ^ The probleni at ch^ mumenL is not square root but square 
a L L i L ud e s . 

( U i. , n 1 I .;3 ^ I ..ill build a [ 1 u li 3 t w 1 L f I . M i I Li t; t4 ! 1 1 1 ti I I » L t C au J t 1 w t: -i 1 1 a 1 1 

wiLii a ^Lece oi oi4e Itich pipe if no haminer £h available, UuL a h^uunei maKes iu 
ea.sLer, and 1 can do a better Job. A calculaLor makes tiie ) .-.b easier also, and 
yuu never hit yuut tliumb'with it. 
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Well, I got the calculator—square root and ^all, and, as it turned out, 
the calculator was probably the mdsc valuable addition to my shrop that I could 
have made. I used it in every phase of planning, building, and accountings 

In determining needed materials, for ©Kample, I had to calculate (1) quan- 
titites, such as number of bricks and concrete blocks, (2) linear maasures, 
such as perimeter (e.g., drain tile around base of house and termita shield), 
length of electrical wire, and length of water pipe, (3) ' area such as roof*, 
floor, and walls (for plywood, wallboard, and paint) | (4) volume, such as con- 
crete and insulation (concrete Is sold by the cubic yard but is ^sually placed as 
cDvering an area to a specified thickness) . -,, £ ^ 

I also had to make other kinds, of calculations ^ There were problems in^ ^ 
volvlng (5) conversions, such as in buying lu^/er , Lumber in quantity is sold 
as board feet (a piece of wood one inch thick and twelve inches square or the 
equivalent),^ (6) J^ay-outs foy foundations, rooms, staircases and roof angles. 
(7) fonnulas, for example, calculatlrig heat loss through walls of different 
insulating values and amount of insulation needed. (8) financial matters, 
incliiding total costs, unit costs, discounts, taxes, and comparison shopping"; 
r used all four basic operations, algebraic equations, the Pythagorean theorem, 
square root, decimals, reciprocals, percentage, ratio, and conversions. 

In thi following paragraphs 1*11 describe in detail a number of exampaes 

of tfte above applications and attempt to illustrate the versatility of the cal= 

culator in building as I used it. No doubt the ^eader^will think of numerous 
adaptations of these examples. 

One of the very first problems in the actual cons true t ion of a new building 
is laying out the foundation. In designing the house the square corners are 
achieved with a T-square, and a right angle trtangle on a piece ot drawing paper 
on your kitchen table, jln making small projects in the workshop an 18" x 24" 
carpenter's aquare is d good tool. But when you walk out onto that big gtaHSy 
field to stake out the corners of your dream house---^a house that you fully ^' = 
Intend to be pe r f t---=you want th^- rectangles tu be true and the cornets to be 
tiquare. But how? There is no giant T-nquare available. 1 could have mea.^ured 
utt thfe^ rectangle appruximaLely and then meaaiirpd the cuLneis dlagunaliy until * 
tht' Lwu diagoiials were equal----a very cunibfcrdume Liial and err^r prucedure*.. Mure 
..iVtL , ill addition to th^ ma i ti fuuud.jtlun, I won id 

i}f t ur.t , 1 kij.w ..1 Lhc 1 4 ^ rait= ti.at a r j . 1 1 i l e I" . i'lil . i u 1 CV ^ l i k ia 



^Ai\ eight I'uut i^ng jLvi tww iii^ h 



5=^ 1 / T boaid teet . 
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^"144" 
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simpdy a particular application of the Pythagorean theorem. 




3 +4 ^5 'or 



111 
30^ + 4C3^ - 50^ 



Having established the correct directions of two aides of the foundationj 
you merely extend the s^des to the correct length. Then you continue with the 
3^4-5 rule at each of the t^o other Gorners and thereby complete the four sides 
with 90^ corners. 



This prucedurt:- id getierally i^mpiuyed aiid Lhe amall er ror--prubably several 
Lnchea--La ignored* I was not willing lo accept the prubable errur of this 
method. The re to re , I cliyse tu uae the l^yLhaguream theorem as calculated in 
t igure 3a. 
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is tolerable.^ I have lived in houses where the corners were so crooked chat 
kitchen qounter tops would not fit without making them crooked also. I've 
had hpuses where, because the flpor was no^t levels the file cabinet drawers 
woui'd stay cloaad* In one house t put up a shelf in ray son's bedroom for 

his coys. The shelf was level but the ceiling was not, Since we tend' to 
assume that a room is square, plumb, and level, it becomes the frame of tefe-r- 
ence* Consequently, the shelf appeared to be going up hill. It looked bad. 
• I had^*to readjust it-^-make It unlevel-^^so it appeared level. And hls'^tDys 
rol'led off the shelf. 

When planning a concrete block foundation, or a brick veneer wall you have'^"^ 
CO calculate the number of blocks or bricks you need. You don't want to run 
out because, at least with bricks^^ you may not be able to match them later* 
You. .don't want to order too many either; The supplier doesn't want them back-, 
so you have wasted materials (lost money) plun the problem of disposing of the 
surplus. • . . > , 

It's a straightforward problem, however. Calculate the area in square feet. 
Subtract areas of windows, doors, or walls of other material such as wood. Take 
the remaining area figlire and multiply by seven (there are roughly seven bricks 
in a square foot of wall) . Round up to the nearest thousand and order the 
bricks. There's a little mote to it if you have a brick chimney or some other 
feature, but the principle is the same. Some masons are more wasteful than 
others- 1 decided to order an extra thousand bricks to-'be safe. I fig<ired, 
I'd build an outdoor fireplace with the excess. As It turns out my original 
estimate was almost perfect* But I haven't had time to build the fireplace. 
Calculators don't help you much with that problem. 

Oim of my most in tar ess ting prubltma w^is building the i^La^ tease; Que ut 
the carpenters recommended that I get a local lumber compeiny to prefabricate 
itv I called one lumber company and found that it would cost about $800 for 
Lhe^ .stairi^iaae ( 1978 estimate). Maybe they planned tu use sllvef uhIIs, but 
f couldn't see 5800 for one stalrcasa^--especlally when T needed two of them^ 
I decided to du it myself, I had nevei made one and dldti't know tiuw . Never 
theless, L purchased three i k lO'g, ea^h fourteen feet lung, foL abouL $27. 
I laid uue 2 X it) acrojss rwo a aw horses aiid piuLteJ ttie apprupi" 1 ei l u cuts. 

Now LliiiiL 1 ti ail 1 u L e i es L i 11^ pfubieiU lluw lUiiiiy ^Lcp^ U L c L! its 1.43 Lu be lluw 

Ui^ii is ecich ^Le^j L.^ be? How di^ep Hhoula eaoli ste^^ be (iiuiu tu b..4*^k;:? Aud 
how du yuu H-t thtj wtiule thiu^ tu ..ume uui eveii and levt-1? 

t i I J L , i i 1 ^ u I ^ d U I ^ ^ i» ^ 1 ^ L 1. L L t 1 1 J ^ ( I h ^ ^ /s I u I 1 . . i I . i a 4 L ^ 

lndi\.ldual at^ps) fihuuld t,e. Then 1 figured each step t [i^ riSet iild th.. Ll\.^A 
dimensions (see figure 4;, [here ih an old iiile that .says the ti.ie /the step 
piua the deptti ot the step (^ihe Litjaa) iifiuulj equal dLuut i/ iijchea uuns 1 de r 1 » 
the- ainiensionri I tiad to wotk wiLh--flu.*i iw^^luoi l^j tiKea- l de^ eisi. i oed ttiaL 
eat:Mi riser would be /=ll/16" with 1 steps, which is close lo uptimal, and thac 
'would give a tread ^ot 9-1/2" 

L/ u I in c h e i.: k i u ^ ui y wu r k i d i S . u v e i e d fio w L u u e the c f p n t e » ' h q u a r e i u " U o Lt\^. 
i M b 1 L is tuu t h Si <iip let. S u [ d i d 1 1 ' L i e d the c a 1 ^ u 1 a t u i t u i" . t h a l j u b a £ -t e i 
all, but 1 didii'L tell my w 1 f £= . When yiiu don^t need soniethij^ yuuV/e b^uij^h t 
, aj_ t_er yuu Luld ^yOur wite ^ou needed it, don't tell your wife (Hrunk's Second 
Law) . 
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The problem I had the most fun solving was that of detertnlning how to 
i^nsulate the walls* There are really several prohlems Involved in this deci- 
sion. Every kitld of mat^rtal-^brlckSi wood, plasterboard , aiTj and fiber ' 
glass,, for example — -has some insulating value, usually expressed as an R value, 
,R stands .for resistance to lieat loss. Therefore, the higher the Revalue the 
beccer the insulating , quality^ of the matGrial. R values are usually expressed 
in R per one inch thidkness per. square 'foot of area, t^xcept that manufacturers - 
of batts and roll type insulation usually give the total R value for the par,ti^ 
^cular thickness being sold (e.g*, six inch fiber glass batts are raced R-19, 
Ther asaoc iated R value per inch of thicK-ne^s is ttterefora slightly over three.) 

There are many types of conmierclal insulation available* They have dlf* 
ferent_R values ^ characteristics^, cos ts and installat ion requ iremenC-S . Selec- 
ting thi^.'^'bes t" insulation therefore^ Is very complex. '\.For example, urethane^^ 
which has an R value of 6.5 (twice that of fiber glas8)-^is not ohly flammable" 
but gives off a deadly gas when burned. Some insulation may corrode copper 
\wacer-pip^M and some insulation Bhrinksj leaving unlnsulaLed space* Standard 
waits h^ve^a 3-1/4" hollow space whejr^^ 1 nsu la t ion is usually placed, but there 
ib nothing except e-Xpense to prevent you' from makirig tliis space bigger. The 
problem boils down to what kind and huw much. 

1 first narrowed my choice ol insulation to two kinds: fiber glaas and 
c^ilalose. Then 1 calculated for walls of differ^Oit thickness (1) the cost of 
materials and (2) the cost of the heat loss. ■ , ^ 

The standard practice is to calculate the cost of the insulation installed 
and the time period over which dyings in fuel bills will repay that cost^ A 
home owner might say* for example , "If it Lak^^ mure than five years to get my 
inunejy back in fuel savings, i won"L Inzaulate because I plan to muv^ befure that 
t itne . " / 

When yuu build a dream house ^ you duu't plt^Li to movp^ 1 used a ditferent 

approach. t simply calculated the cost of money (interest) spent as though the 
Loan were never to be cepaid. As long uS i own the hoyae , it is cu^Ling me the 
iiiLetttst it:lthei ill niouey bori uwed or iu lubL savings)*/ Thla dppi uaoh works best 
uii items that are durable and that generally requir#^^^^ ina i nt tnance , Such as 
iiisiulatiwn. 4 used it because it h imp 1 i f led . the calculation of cost. =Foi 
example, it 1 Spend $ 1 tjO on ifisulatidn and boriuw nujiiey at lU pet t^enL , tfie 
i u-su I a L i 11 is really cos Ling €ie $10 a year for as long a a i owu the house, li 
1 ct:pay Liu. l.an Lheu 1 caii^L liivtsJsL ihu $ 1 00 i u^ed to Lu=pay li aii,i dm losing 
I I . t- I i it ^ f y I 1 u/o u I d have go l L ^ 1 1 , 

Hiiiu^^.!=i rluuL^s, wind OW & . el 1 1 4 d w u I . r h e 1 1 y o . Ui U S t l a i l u 1 a 1 4. L i h at 1 o s 
I.)r Liat h Lhede aieaS* .^ddea up Lfi^y c oLl^. t 1 L vi L e LUe total hw d t lUbS for thai 

i..'^.'u». i t_aKul£iL> uniy exLeriut W.a 1 1 ^ . l walls adjaotiil to an unltc^-at^a Sp.jct* 
s i I u t' 1 1 e 4 L 1 u y t ■ t o an adjacent h/t* a t ed s p a . . e i y nuL i ea 1 1 y a 1 u ^ a . 

Hv >j t 1 w ... t hi . .ii^li v^.i 1 1 3 L I. I ^-t.- i . I . ,1 . L l.lti .i 1 ^ a , , 1 It,, i^.i 1 i , 

* :,. fv- .-1 i S I a[u., ^- LU In: at L.i^.-i i Lfie Wai 1 . aruJ LKe d i t t t: i . t.t. u Let we. n » tie teiupt^C.i 
L.»i n oil lIil! liiSiU^ jn>i CMiLiidL. ol llit: i ki is Lhe tol iiiu 1 a ; 

... .i I p.. 1 1 (, b 1 iJh ; - 

s, 1 H) [ t tuipt- I .i L u t <■ >i 1 ! t w L ^. u I. 1 ,i 1 I. . i 1. L. M I , . i, 1 .] . L ^ ^ I - 1 . . .1 i 1 j .... 1 1 
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For examples if your walls have a heat losi'area of 300 square feet and n 
total R value of 14, and if it is zero degrees oucside and you want to maintain 
70^ inside, the equation is = ' % 

(l/U) X 7-0 X 300 - r500 BTUTJd, 

Since ohfe kilowatt haur (KWH) produces approKimately 3415 BTU*s it would cost 

1 500 ^ « * ' _ , ' , - 

"34l3 whatever the current cost ot alectricity is-"appr"oximatg ly 5.6c m 

Athens^ Ohto August, 1980---to replace that loss using an efficient electrical 
heating device, That'is about 2i5c per hour in the abovt eKample , 

The formula can be set up several ways , ^depending on what you want . ^ I 
Bet it up. on a monthly basis like this: 

I : ' • • ' 

cost per monch ^ 3X15 ^ 5. 6c per KWH k 24 hra. x 30 days 

Obviously, this can give only an approxlTtiat ion since the teniperature outs'ide 
will vary considerably* Also, opening and closing doorg and windows, as well 
as the number of people and heat producing equipment (e.g.j lights or dish= 
washer) in the room will affect the outcume, For example, 1 built a pantry off 
the kitchen and put a small baseboard heating unit in It, I also put an auxil^ 
iary refrigerator in the pantry intending to use it only during the summer 
months. But I found that as long as the refrigerator was operating, T 'didn't 
need the heating unit on. So we had the use of the refrigerator the year round* 

In planning the heading equl£mbn^ jequirements you would probrably use the 
temperature differential for the coldest ^Kpected weather so as to be sure to 
have auffl'cient heating reserve powgr Lu maintain your deaired inside temperature 
But in calculating heat loss costs (using my- perpetual interest cha^e method) 
I used an average differential tempBraLure because the coldest day differential 
wdifid causd^d^s torted figures.' Uslng^ this ^erage temperature differential I 
t^ompattfd two typ^-s ot Insulatiun and.. Lhree thickness uf wall cavltyj 2x4, 
4x6, and 2x8. AlLhough the differences were sometimes only a few qeiits per 
munLh, I chube the 2x8 cuus't rue t i un wich celluiuse blcawn in uiid^r pressure 
(lo preveuL seLtliug). txtra insulation has several advanLages other than 
simple tuel cost savu\gs. One advantage is that the overall temperature of the 
ruum ic, murfc uiiiturm with ^uod ansuiatiuu. En a puutly insuiated room the dif-- 
rt^rttnce between the- LempeLaturti ml ihe ceiling ^nd at the flour mlghL be as 
niucti ds 10 "--say 7 5" at ttie ceilln^ and 65° on Ihe fluut. Wheu p^upl^ h^ive 

..^Id te^L, Lhcy It'ei t^--Ud d 1 1 uver uLid lulu up Lhe LhcimwutaL. So tveu thOUgh 

4veLei^«= Leirik^eratu L K i^.. sdy 70", Lhe ette^ L is tuaC uf a lowtii L «^mp Tci t u re . 
A Ht'Cor\d advantage^is LhaL murLgagt. iuLL-r^at is usually iiigher Lhan savings 

juHL InLeresL. In uLheL WQids^ the t^OSL .if liiSul^Lii^U muiiey will prubabiy 



dc^. rEja.Hc wh^n Llie muligage Is paid ^.>t t , while l ht! cuhI uf tuel will likc^ly In 
rease. My c unci us I on is thai spending mure vai insula lIou now will be repaid 
un-a rising curve beasis uver time aad nut on a aLralght line heisis. A final 
advauLeige Is that some fuels may bt-cutue e-xhauSied ur ^CciCc^.. li may Llieretuic 
Nl-i. umfc! iiecessary lu get the most eincii tu use pOaslLiIe f rum wIuil fut:ls arfef 
a V a i 1 a t) 1 e re g^a r d 1 e s s u t c u s t . 
■■ ■ ■ ■ % 

H,.i.3 Lhl.3 lieavy inSuluLiun peiivj m11 . i lia^^ uo JuubL thu L IL will At 
pitaent, for cixamplt, 1 am heating Lhret' iK/urs^ a 1500 square foul bast^ui^nt, 
a nnO squatt' fuiit fitsL flour, eind dt fiuished attic: uf about iDOO t^qoare feet 
all with one wood stovu in the basement using ubowC ^-iix rurda of wuud a season, 
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the 1979. cqst o,f wh,ich was about S3S0,' L had puc^the wood 'stove In for a 
back-up heati^ soutce* It has turned out to be entirely suEfictant in itself/^ 

One final sit-uation where the calculator is very helpful is in determii\ing 
Cha amounc of concteto to ordGr* Concrute is sold by the cubic yard, and for 
^bastimanc floors, pacius, sidewalks, and driveways it is usually placed about 
^ f ou re^'Linchess thiqk. Twenty seven cubic yards wtlV cover Bl square feet at / 
fdur 'inched *tht€k'. " ■: ^ . , ^ > ^ ^-^^ 

27 cubic feet ^ 2^ x 12" x 12" x 12'* - 46656 cubic inches\^ 

A cubic faoc of concrete four inches chick Is 12" x 12" x 4" ^ 576 cubic 
inches . 

Theirefora, ^-^M^ ^ 81 square f^et at 4" thick. 

Divide the total area bf concrete by Hi to fifld number af ^ards needed 
A basement 30' 'by^ 52'8" would require about 20 yarm of conerete, 

30' X 52.667* 1580 ^ A , ^ 



81 81 81 

But ^ you would probably Q«ed Lu order at iea^L 2U y^ids-^^Lhe gruund ia ii^;^er^ 
even,^and the calculations are usually approximations. AlsOj it la be^^Wr to 
have too much Chan not enough. It is a good idea tu havt a plac^ re^y for any 
excess concrete, such as a sidewalk or trash can area* 

■ ' : ^ ■ , , . - ^ - ■ - ^ . , 

There is no doubt that the calL^ul^Lur sav^d me a grteat amuunt uf felme In 
making many, many cumpu tations , ^1 1 also surely ceduced the numbei ot errois 
I would have made by having to compute cjv/ery thing with peiicll and papE=t. 

BuL there 1^ another bonus. Suiiit lIi^ i^umputaLloiia wuuid havd beeii so 
cumbersome without the calculator that they might not have been mad^ at all* 

p - - 9 

i'v^ forgotten how to do square ruot aiid would prubably have ^fallen back on the 
3-4=5 rule withuut tht^ c^lculatur. iht^i i^f ore , tlie layc^iiLa of the foundfeiLlou 

and or the various rooms ot the house are no duubt mure accur a te , t han tiiey 

would have been without use of the calculator 



wiLtjwuf ttic ca 1 1 u 1 a L or , if only becaucsc of t\\^^ nidUy tim^. ^ 1 to^ulvc u*.. 

two t'quatiuu^ (iciitaialyj 1 wuuld havt: ttiUipt^a CO luVt^SLl^ati.' tt?Wiji 

i/!hi. i na L i o u& . 

jti,..Li3. Beiu^ dbic to t:arry out utlict./iye iedi..ui_5 L:u,.,pu L a 1 1 g qiiici ly ..iid 

.J t 1 . 1 1 1 a L L 1 y a 1 L we J lue L u ad o t a nu > i u u | > e ii , S e a i c h i ^ u b 1 e m £3 o 1 v i 1 1 ^ 1 1 i t . . i . 

1 bt'gan tt; look foi piublems aiid novel h^oluLions/ It became a surt of game to 
(/ h a I 1 e n ^ e old r l-> ri v e ti t i o n a u a t u t; i - k better s o 1 u. l 1 o n s . # ' 

LIK: L i 1 i I Ei ^ Lilt. w 1 J w a y J \. v w L k J b j L ^ ^ i . ^ 1 j a i:? . i i 1 1 ^ L h t: , a * » 1 1 e f ^ 4 u .i t u 

1. . i.iviiig f.iuL . ut^ fur the teii rca^.t a i * i ug^^j . But tiio^e situatiuiia proved 
tt) bo tiie exception^. Gencfrally, I s.as able to i ind b^ttar scflution.^ -^better 
ui at leant - -and 1 had tun duiii^ 11. 

"t ^ . . 

^■hi.^ Losult, t tier e tore, may well have beeu ih.^ must iiup^.iLani .mic: ui J l . 
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Good tools m^ke any " j ob' easier . If they can" also change the job froTn a chore'^:- '. 
to a challenge^', th^y open the way- for more creative behavior. In addition to 
the possibility/ of finding innovative solutions to old p'YoblgmSi they ma.y ^Jead 
to 'a parsonai 'tKange toward a , more constructive , . problem solving attitude* 

^ The old ways may sometimes be best. But if no unt* had ever beun chaidonged 
to sc»rike out in a new direction, to search for a better world, we'd all sLill 
be writing on thf cave walls*, X 

Somewhere In all that chere munt be Brunk*s First Law, 



GENERAL MATHEMATICS 



:Gen8ral mathematics, as used In this paperv refers to mathematics 
courses in grades seven and eight and to nohalgebra alternatives in grades 
nine through-twelve* This set of mathematical experiences is expected to . ; 
perform -a /variety of functions In the mathematics curriculum: > " ^ 

(1 ) broadening, enriching, and final*iz1ng the principaTly 
/arithmetic program of the elementary- ^ - * 

(2) preparation for individual social responsibilities in- 7: 
. ■ society; . - • - ■- ■ - ■ •, 

(3) extension of capabilities far meeting personal and vocationa'T 
; needs; and - 

(4) formalization of arithmetic and nonarithmetic understandings 
as preparation for traditional academic coursework associated 
with professional opportunities. 

Functions (2) and (3) from this list primarily entail application of 

mathematics to real -life ne©ds.^-an ar€a of: major interest at the present* . 

These functions can be further translated into the following student goals: 

■ ^ ■ : ... -^'"^ ■ ■ ■ ^ ' ^' . ^ ' \ ' ^ ^ ■ ^ / -^^ V'' ^' \ ^ 
; U one's own 

consumer affairs^ selecting and using goods and services- wisely-- , 
. choosing and buying personal items,' products for a home, for a. 
family, or for a small business; , .-■ ; .• 

; (b^^ t^ recognize and use the mathematics necess3fy'"7c^^ 

tatiVe aspect of one! s daily life"fnath|Bma€ics relati^ to \ 
. cookingV sewing 5 gardening^ minor home/repair^ 

money management, and recreation; f . 

(c) to possess requisite mathematics to en^r a job situation--^ - 
appropriate backgrpundp learning skilTSs^ and attitudes that 

.■: ■ additional job-related applications of mathematics are ^ 
learnable with relative ease; and ^ 

(d) to use logical reasoning and problem solving in reaching 

' decisions p weighing evidence, and interpreting data to arrive 

at sound conclusions* ■ ^ 

^ Achievement of the 

reasonable competence In arithmetic computation, including oral, paper- 

pencilp and calculator comppnents--supported by estimation and approximation 

skill S I understanding and use of simple al gebraic form^ to \ 



.interpret lujd anij^yzt grap^ statiHical -infe^rmattonj of : ■ 

geometric forms; and spatlail. relatlonshipsj , understanding a 
instruments ^ includirig iHe relation of geometric and numericaTvconcepts :as . 
the. mathematics of measuring Instruments^ and problem sdl;^ and Ipglcal ? 
abilities* ranging, from s^tl 1.^1 th simple word problems to more compllqated.^ 
analyses bf situations requiring an awareness of productive reasprving tectmiques 

General mathematics hgs generally not realized these student outcomes 
to vehe extent that some ot^iers desire, f he pUrposF^f . 

this papeWis to examine some underlying causes for thjis lack of success, 
and to offier some recommendatlohs. fo areia of the^pmathe- 

matics curricuTum* - \ v ; ; ^ 

■ . .' A Question of Direction and Purpose . ' .•" ' 

Historically, general mathematics; began to emerge around the turn 
of the centuny as. arithrjetic moved, down, from, the academies and high schools 
to become an elementary school subject, . Mathematics w^^ 
perceived less as an Ins trurrent to develop the pntal faculties of. future, 
professional people and more as a utilitarian, tool for the Increasing numbers 
of Ind'lvlduals going on to secondary schobling,. During this time. Instruction, 
was changing from lengthy exami nations of involved problems requiring complex ' 
manlpulatlgnSj memorizations, and theorem-proof approaches to a more frag- 
mented fact and subski 11 approach. ' , 

General mathematics was given Its first national Impetus in 1922 when 
the National Committee bh Mathematical Requlrefnents advocated a general mathe-. 
matlcs pro.jram for .grades 7-9 which would include topics from arithmetic, ^ ; 
algebra, intuitive geometry, numerical trigonometry^ graphs, and descriptive 
statistics J The evolving junior high school with its philosophy on .exploration 
provided a ready means for this recommendation to be implemented in grades 
seven^and eight. However, the more conservative posture of High schools pre- 



: verjted general itiathematics from making firm inroads into; tht Mn?bh grade 
as. an extension of ideas In grades seven, and elgKt* ; Algebra remajme J the' 

^■most frequeiit offering with gen^^ mathematfjcs planned and taught as a;; 
Tower-level alternative to algebra rather than as a' cqntinuation of 

J broadly planned ^neral mathematics p ; 

: • The influences of John Dewey and the depression brought more pressure 
for change in^ the high .school, curriculum, ■ An increasing demand for mathe*' : : 
matlcs tor \ro^ deemphasis ■O'f sequential 

course work. This was accpmpanied by drops in enrollment in academ^ subjects 
amid, criticisms that many topics had little or no utility for the ^isneral student 

" By the end of World War 4^Is concerns which surfaced during i:he induction 
and training of draftees provided! further support for mathematics ^o play a 

^mpre important role in gerreral education and in the vocatibnaT' and personal ' 
needs of students , Teachers responded by ral Tying, about the notion of 
functional competence fo Such competence was j^eneralTy gau^^^^^^ by / 

29 Items Identified by the T945 NCTM. Commission on Post-War Plansv Mathematical 
literacy was cited as a necessary skill for effective citizensliip In a democracy. 

In Thesis 12 of its recormendatlonss the Post-War Committee; took great 

- . / ^ ^ ^ ' ^' ■ ■ / \ : ^ ' /■ ^ . ■ , ■■ ^ ^ ^■ ' • ^' ■ . / / ' .... 

pal ns; to emphasize the importance of general mathematics at grade nine as a 

worthwhile course that focused oh competence in applying mathematics to a 

variety of topics/ It warned teachers to avoid stigmatizing general mathe^ 

matics as the penalty for fall ure In algebra and to avoid propaganXi zing 

unduly for algebra. • 

: ■ However 5 efforts to place general mathematips on an equaT an 

plane with^algebra went largely unrealized as the number of students continutng 

their education Into high school swelled dramatlcaTTy, widening already 

existing ibillty range differences. The division between algebra and general 

miithematlcs. was further heightened by the post-Sputn1k era' of the sixties when 
* • 

tremendous resources and attention were given to structure, formal ism»/and 

. ■ ^" " • . : ^ 240 : ■ ^ ■ ■ ■ - 



.04 



MM 'I 




tnsertlbn of upper 

eufTicifluin innpvattons Associated with strengthening those aspert^ ; 
■the program which' led^ teo acadenilq coursewdrk at the^^ 

effort and ■result nor to; '\ 

ariyvresulting axpansijbn of such al ternatives beyood-grad^ ^ ' j ^ 

: Since the; sixties^ school Gonsolidatidns and increasing awareness of ; 
the heeds jof students Who will 11 kel)^ terminate their education with, high ; 
ichbot sttmua^ pHgram to expand'thSi r off erinps^^ h general mathematics 

to include business mathematfcs, consumer mathemat mathema^cs* " • 

and similarly named courses > . However^ an ^integrated general mathematics ^ \ 

program has sti 1 1. not emergid. ^^^NeW courses In; general mathematics generally v 
continue to be regarded as those for the- less successful and less wiTHrig. : 
Emergence of pre-algjsbra continued experimehtatidn with algebra/ 

as an eighth-grade elective lend further support to the notion. that "algebra- 
like" courses' are still the best choices ;f or those students who "can achieved' 

, ^ L_- .... _ ... . _ . . .. ^ .. .. . _ . , : ^ [ _ ' ^ -\ —• . - . .. - _J . B'. j^.J _ _ _= 

' , Despite the good intentions and far-sighted reconimendations of prominent 
groups of "educators tJiroughout the history of general mathematics dave^ppment, 
t has never achieved a well -defined ^ Independent rol« in the mathematics : . 

GUfriculum. Rather, general mathematfcs* programs continue to be hodgepodge . 
collections of remedial al tternatives generating Tittle 'student interest, 
professional commitment ^ and enthusfasm,. 
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A Question of Instruction 
The .Thorndike , influence on mathematics Instruction (segmented drill- -. 
work on subskills) continues to characteriii many general mathematics programs, 
Mdst^opics are presehted as tasks by example. Teachers and students alike 
seem, to ''^ew mathematics learning as smalls incremental steps in which it is 
the teacher's responsibility to present a new technique to be practiced and 
the student's to parrot these actions 1n nearly Identical situations. "Show ■ 

: .- ■ - ■ • ■ . 2 ' ■ ■ ' 



iTie= how',to dp this, se dbh't assign too many and then give me' 

iciass time ;to' do thein.'' Furthermore, text materials are organized as single 

cphcept lessons requiring' l^ttlfi^ more thanyote-1 ike ^res^ generate 

satisfactory answers,^ A^^ few text materials consist of prfablem backgrounds 

or applications th^t students can Identi^ with* ■ / V , 

This instructional plcturerthough not universaTp^oes unfortun 

characterize too many prbgrarnSv But reasons behind acceptance af such Towt 

level teaching goals are mixed: ; •.. ' 

(1 ) teachersi: are weil-meanihg^ but ar^e frustrated by unsuccessful: 
attempts to provide alternative approaches r 

;(2)' teacher preparation programs have largely ignored br not fad 
• . ' i time to prepare prospective teachers With the skills to Handle . 
general mathematics/ courses or student needs; 

(3) ability ranges in such. courses are so wide that lower level / 
■ instructional outcomes are easiest to achieve, and perhaps , 

the 'bnly ones possible for somfe studentis 

(4) students have dev^lopid attitudes about mathematics a ' 
; selves in previous courses that strongly influence the kirtd 

■ .. of instruction they expect. and will cooperate with; 

(5) .laboratory experiences jriecessa to supp^ly conceptuaT; under- 
standings tinder1y1ng^many applications are difficult or . 

^ impossible to prganlze^ due to limitations of space , time, 
student lda4j resources.5 and; tearhlnc]^ 

(6) teachers are not always aware of students' true abilities and 
may lack the evaluation techniques and inst tb accurately 

: assessythe extent to which students can use their mathematica 
; ' . skills; . / ■ \ \^ \ ■ ;\ . > --.^ \ ■ - 

(7) due to their preparation, some teachers are; predisposed- awa^ 
from general mathematics and are^ cohsequently i not highly 
motivated to cormriit the required teaching ener^gies for course- 

; work they deem to be remedial; 

(8) coriyerserys others make an honest attempt to salvage students 
for the "good" academic courses by stressing prerequisite 

• computatipnal skijls; \ ^ > 

(9) some teachers lack a full understanding of the ihterrelatlonships 
; ■ , of knqwledgei eonceptss applications and problem solving in 

enabling students to be able to use the mathematics they possess ^ 

Instructional methodologies employed iri most; general .mathematics 

25i . , : : „; 
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:^^i^assesV no .matter hew wel l -mean trig ^ rpre^ an pverl^-stmplist1c%a^ s-^^^ ^ = 
- artificial vifW/ pf^^ iV tised' tp>^^ the - ^ 

studpnt has np^ exposure tp the comprehensive process ^of mddV'essIng a real" ^ ^ S*: 
!/v problem J ■anal|zi-h^ and ^; 

: ^interpreting the results in decisions, He^ therefore / ,^ 

i^^, able to dfraw;lJitt1e association between cTaSsroom activities ^antl the 
personal needs he faces outside, the classroom. - ; ^ . . ' 

, General :mathemat1iCs students .usually know more computational ly.thah ' 
r they .are credited with knowing or- th always know less. ^ ; 

about using their^knowledge and^skins than is by their teachers ^ 

andvperceive mathematics ais an Activity ypu-dp in a fcla 

worlds you -learn and use ,0 problems, - V 

-These observationss supported by assessment information and the \ . 
, experiences of veteran master teachers , highlight the need to pi ace, more \ _ ' 
emphasis on making mathematics knowledge operational . The fal 
existing programs to assign this goal a higher pridrity is quite ppssibly 
a^roduct of a belief in a linear hierarchy of student learning outcomes ; 

^SKILLS & : ^^ ^ ■ V; ./'^ ^: : - ^ PROBLEM v. ^ 

J : . CQNGEPTS . /APPLICATIONS ; ■ . i 

, Understanding of concepts and mastery with ^^Is, mostly computational , • 

are perceived to be the requ1site.,^r^ any further application of mathematics. 
^ therefor-ej a majority of t1 men's presumed' to be justifiably spent on develop- 
ment of skills which are deemed unsatisfactory^ Applications are assigned - . 
some Importance, but primarily, as vehicles to practice skills. .Therefore^ 
; relevance of application situations to students ^re^ problems is not . 

considered as essential as packaging the application situations in sma 
enough tasks to fssure computational attack. - ' 



' ■ . ■ • . . : i . . =. i ' • ■ f. ^ -. - . .. = . : .. .. ' : . ■ . .'- 
v■ - , . = . ^.f . ■: - • ■ -. = :-. ^ ■■■■ ■./ ■ v:; ■:■ ■ - <■ . , 

^ - - ■ ■ ■ ■■ ■ ■ ^ ^ ■ ' ^'^^ . . ' ■ = . 

^ ' ■^ ■ 'v ^ . - ^ ^ .y^,' . ■ • \ ; ^ ; 

. ; P^bbiM solving Is percet^^^^^ / 

\. . general math^niatics studeni;s>re hot able: to undertake in any formai sen^ 

'■for want of preriaqui site b poor attitudes, ^ 

\ \ . ^ % ■■ ■ =■ - ^ . . • ^ ^ ■ . : ^ - . V : ^ ■ " ; ■ ■ ^ .• - 

' : . / ' ^ ■ "''".^ • . ' ^ ^ • - • . . ^ : ■ ' ^ ' : ^ .v. ♦ . ■ : ... 

Hopefully, deveTopinent of a^ strong skjll background and work with somes - . . - : 

Wmlttedly contrived/ appliqations will permit studenis to transf er . their ^ 

^' : ■■• ' ■ ■■ - . ' ^' :■ : ^' - : . ■■ -V'- : .^.-^ . ".' ■ 

\ knowle<ige and sktlls-to later-fwlife needs as they develop^ And perhaps^ 

. prpbl eni sol vi ng cfevel opment can be Undertaken . by other teachers 1 n other courses . 

The Tack of success with this approach, to general mathematlds instructipn 
il^j evidericed. In concerns^^^ v^^ by ba'ck'to basios ' 

tr.ltics, and by cohcerned employee. In pi ac 
' student outcomes, a more comprehensive view' ts needed to assure student use , V-. 
of what'^they learn ,; 1 1 Is essenti al to have rel 1 able assessnient 1 nf drmati on 
which accurately reflects student: capabilities, so that 'Instruction iSi not 
. misdirected nor overestimated.- It Is necessary to have ■ parental and community : , 
Input as to their concerns, expectations , and needs for>mathematically pre- 
pared graduates. And student feedback merits careful, r^^ 
attitudes,; perceptions, and expectations. This information then needs 
^ careful review by mathematics teachers and Other educators^^toncprnlng the 

V .;; role that mathematics is expected to play 1h students': total educational^ 

V ' preparation and how best to achieve this role In, the mathematics program. ^ ; 
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:i ... . ; ■* After these acttyi tils have been compl|itedr tfie^^J^ey success is ' 

; • bal anoeM n the way that 1 1 instruct i on Is ■.orflap|*B^*^SktT anjd cdncepts , , ' ;■ 
■ • ■ jappTi catibTisy;'ari^\f!rbbl ent. s;cif!,yi ng ..need 6t|ual, .emphasl .suf p nstructional ^. 
; timev and eohcurrent No aspect of instruction should be sacrl- 

■ ficed or. subor^itlate to'rah^ To assume otherwise i s to 'ri sk the chance .' 

that sorfie Students 'wjn never have exposure to, higher level outcomes for •rV' '' . 
'; having failed to achf eye otft^r-^^ : Nrth|*'!norei,^^ 

* fresettt .instructriohal actlylties that, model real world, si.tuatiohs current:ly . 
" .■relevant to ^students. With:1,n these' situations, the cqiriblp^^ of abilities * - 
required to apply mathematics will, naturally cQp^ Into play ^ :Planning and - 
, ' r iridepth thiink^n^^^^^ necessity. ' Motivation and reason for skill and 

knowledge mastery are self-evident. And! transfer becomeB leSS nebulous as 
' 'meitKematf.cs. Srid^^i the-gap between, classrobrn v , ■ 

_ Recoimnendations . 

For general mathematics programs to better meet the needs of the 
student audiences they serve, changes are needed in philosophy, goals , \ 
content, methodologies, and evaluation.^ The following recbmmendat1on.s 
' address some of the problems identified in this paper. ; 

1. General mathematics. programs need a comprehenslye reexamination 
that, considers: ■ (a) their roles in thte total school and ;iTiathe- 
jnatics curricula> (b) conmun1ty expectations conw^^ student 

, • ■ 'cdmpetencies! (c) student learning characteristics and modalities 
' r (d) instructional techniques and methodologies ; and-( 3) breadth and 
depth of offerings as part of the total mathematics and school 
- curricula. " ... ^ . 

2. Program experiences 'Should be designed as an ■integrated sequence/ 
of instruction from grade Seven thrpugh'high school that assures a 

; balance in program goals , student outcome^, and Tearni.ng' activities. 
.Running throughout each course. should be a cont^^^ ; 
■ the problem solving, ski] Is necessary to apply mathematics to ' 

relevant and reaTistic student situations. - 

3. Every effort should be made to preserve the integrity of general 
mathematics offerings as desirable and parallel alternatives to 

'■ traditionally "academic-type" courses, differing primarily In . 

goals. only. If courses that are primarily remedial in character 

^ '■. ... *■, ... . „ . 'c;j4 . ..... 



; lire-requTrad to,^ bt.developid 
: : . as^^ar^^ entities of the total mathemrttcs cur^riculurt rather.; 
-vi than/part 'Of the5genera1;^^^^ fr^ . ' ; . 

. . 4,: Regu Tar issessnient. of program .active occur at several , 

; level Sh Each GOurse''Should be monltorea against tts particulars,^ - 

,. ; ' / gpals. Thie total program mertis review ;frt teHns of success 1n ; 

: . achieving exit Mmpetencles (not restrlJcted ta?^^ And. 

; - longitudinal studies are desirable to reflect changes l.n course ' - 

' and program ef fectiveness that signify the need for Gurri.Gulum 
= /revisions/ , ; .^^^ . ./ . . 

t - 5^— Prof written and mental r 

. ' WMf rants extenslV^^ of access i bTlity oT' te^ 

{ catcutatorst changeover to metrjc^ineasurqmanti |ind ways that 
. mathematics' is used in contdmporary society. . 

■ 6. Teachers, need to work together mor^ fr^q 

/ ;^ restructuring^ smd-^carr^ng on 'the gener^^ curriculum. 
" 7^ , CooperatloN'-^n improve ar^SuTati^n ;bf Effort ^ provide necessajny^ 
/ manpower for itu^y and chan|psV and enh^ftee the overall Image of >\ 
^ the program- -/^ ■ . ' , 



' 7 / v. Sufmnary 

K^ have seen a flurry -of actlylly in fev^ years that has : 

^surfaced the kinds of concerns that are most frequently addressed within 
the general mathematics programs -NIEBaiic Skills Conference National 
Assessment informatipn^.NCSM Position Paper, back to basics movements , ' 
and minimum competency concerns; But is^ important to note that the need to 
reorganize and strengthen the general mathematiGS program/ls historically a 
concern^of long standing and/not a new problem, Only; the serlousri^ 
the need 1^, perhaps , made more accutD by . the' demand for -greater matKepiatics 
literacy as society becomes more complex and -places more demands upon. the 
individual for personal, coping skills; -• 



. ;V / Reviews of Generalv Mathematics Textbooks- ' ■ ^ ' 

Pub1'tsH@r|. of generW; matheM texts have Vespbrtded In Varying degrees ^ to 
,c©neerni for more emphasis. on T1fe-related skills and-apDl1cat1ons* The .3 
following te>(tbo0k reviews of some of the rnajor general mathematics botjks^^ 
eurrently aval Jabje have bfeen prepare^^ to assist you In making-ttxtbook' - 
lelectionsrappropritfte for your^^ Highlighted In these reviews are 

the emphases which particular texts give to problem solving, applications, 
^and calculaitors. . ^ / . . ^ >- : x.i-^ . . . ^ 

Bolstar i L; ^Carey and W . ^ ' - 

Mathematics^ in Life ^GlenvieWj : Illinois Scott . Foresman, 197T ^32 vpp. 

This .text Is. designed for a first course in general mathematics. . . 
Emphasis is on basic mathematical skills , with eQnsumer^arid career 
applicatiohs that .reinforce these skills, =^ ..Th# bQbk. Is .divided into ' 
:e1x ^nJts^^f:^trh^#^v^ each/ The topics includeA in these units^ 

^" . .1* ^Arithmetic of- whole nuiiibers, = \^ " - ; " 

/ 2* Decimals, and the metric iystem.;.' _ . ■ . . ■ \ - . - ^ ^ 

." ,"3' Fraot ions 5 'mixed numbers 5 and probability/ ' " 

■h.* •Ratips :..jraportiony^. sim percent and s""tati.stl:C,s., ...I /. . - 

5: '/'Signed nnmbers-V equations ^and 'gp?!fLphing*' , . - ^ v ^ " ^ ■ -a ^. 

. ^ 6* Perimeter 5. area 5 . volume 3 the Pythagorean rule, .and = ■ ■^■^ 

trigonismetry , . . V ^ - - . . ^ _ ■ ■ " 

Each chapter/consists of a pretest 5 several skill lessons i followed by 
a posttest^ a couple of application reasons 5 and one :or two career 
.lessons>. Each chapter alao' includes one puzzle *type problem as. a ■ - 
"break tlme^"; There seems to be a good" balance betveeri skills and / 
applications* . The chapter .tests cover both aspects , "At the end. ^ of- 
each -unit there is a- |)age of .calculator exercises-,, = The=se optional ' 
exercises involve, skills taught;^in the unit and can be done 'on a'.. . ^ . 
simple fpur--f unction calculators ■ - ^ - ' s. — / . ' \ 

The book . fbllows an^ open format, and many pages arte iilustrated with" 
photographs , End-of-book materials Include p^nswers 'to= pdd-=numbered 
exercises 5 tables , a careers chart , glossary, /and index. ' ' . - ^ " 

The teacher's edition- has .answers- to. exerciseB, pverprinted in a second 
color along . with. pages of notes and tests. It :also states; an . " 

objective for .each lesson . -."Other* ^ supplementary materials include a . ..^ .. 
separate solutipn key and duplicating masters for tests and record 
keeping- ■ •. . / . , ' : ' » . ; ■ ' ^ ' ■ ' 

The index contains numerous references to problem sblving. However, 
the authora apparently^ consider ' "problem solving'^ to be a synonytn for' 
"appllGationt.'Vj, No explicit instru^ problem solving strategies 

is given. . \ , " ' ^ = / - 



Bolste^y L. ^0f.rey , . Wbodburn,' H, -Dojigiaa,; knd' Gipson, - joella-H.;'^'- - - ^ 
Consumer and Career' Mathematics , Glenvim^ . Illinois i .'Scott PoresAan,^ 



.-.This text is- r^GOnunended for. & finp.1 course in gerierai 'mathematics ■ . 
(folloMng ; Mathematics in Ijlfe ) ^ or for a general course in consmner 
math.emat-ics ^ 'Emphasis is on the matKematics; needed in^consumer . an4 , 
career, situatierie 5 Including a review of- baslQ^- akllli ^ 'Th^re are 
six units' of tfeee chapters eadtr,^"'- *The. topics of these units eira: ;: 



Mathematics Sibils,. inGluding'w^ nmnberSs declm.ais^ 
.^fractions s equations , proportions V pjercent ^ .measurement i 



^ - .and Statistics. 

.. E. ^ IhAome 5' "banking, and ^credltp^ ^vJV / ' ; ^ ■ ^ . 

: y;.3* trartlgoptatlonj; ^y^nciuding 'traver" .and- ^ owning ■ a .car> - . Vi'" / ■ = 
, ^» ; Houslhg 5^ including renting, buying 5 building:, J-and ^ / ■ / . 
:= maintaining, a"l:fene, . ' - '■}. .\ . ^ 

\ : '5* ^^axes^ dnsurance,^ and investments 

^ 6. Purchasing; end budge ting, i . ;^ ^ ^- ^ 

ttiie chapters 6f- the first" unit ^emphasize the hiathemati itself, while 
the. other chapters treat varlouB Applications of mathematics in ' 
\^eallEtic 'sitij,ati6ni; - vEach of theie- later . chapters includes a- - , 

"skills tune-up*^ page that ' is^ pure\ arithmetic ' drill * . " . 

Every chapter has a page of (optionaJ) calculator\exerbises. These ■ . 
exerclseB usually inYolve numbers that make ■hajid. caildulations!- tedious., 
^and all of them can. be done dri a four^ function calculator.. Each: 
c hap t e r. als o 1 1 ud e s . a r e v 1 $w page and a " ' c hap t e r test.' ' An o t her 
ihte res ting feature qf/ chapters U - I8 is the .discussion of yarious 
careers in which math ^skdlls are. nee 

Most pages have a two-column format=:5^'-iiiust|^ted with many tables, 
diagrams 5 sketQhes./ and photographs.' The 'tTO^eolor printing hlgh=, . 
lights key ideas on= eabh page'. EndTof^book .irnaterlals include a skills 
file of additional, drill exercises, tables/for taxes and- measurement 5. 
a. careers chart, glossary,^ selected answers,, and iridex. , . - ■ 

SuppJ^ement^ry materials" include a teAche edition, consisting of the 
student ■ edition with" answers overprinted; in reds along with stated 
objeptives and warm-up ''exercise s- for each lesson,' This teacher -s^ 
edition also contains UO page's: of; notes and a minimum competency test. 
A separate solution key and duplicating 'masters for\ consumer forms ' ' 
and tests are; also available . ' . ^ ■ \ \ i . ■ 

No . explicit attention ' is paid. to. problem - 
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Bira^g, -Sadie i Cou2ir{s>^ Hari^j'-Gnberi^ "Glenn .^d^l&Killvypj William^ ; ^..^ i'V;- 
^erie^al mthematics Skia^s ^- a^d 'Applications: , Silvir/' BuDf^ette/ 1979/ p. .^^ ; 

■ ' '. - " ' . ^ ' . " ' "'^^ V' \- ' '.' ^ r ■ ' ' ■ ■ ' ' 

'C^putational sKilla fljpplio^ip;iS;,,are eq;uall^;^hasl2ed::i^^ • 

m^hematiesr text* , Sections in each chapter on Galculator usage^ problem, splv;-;^^ 
ing akii^i^ . and^^'Scmethlng Differed puzzles^ - etc* ) .rnp|ewoy^ - 

,;tures / Four case studies (f ^g* Driving a Truck) are also jncMSedV r fppics ■ ' 
'arei -'.^^ ■.. ' ' - 

" ■ ;.' l.^ ^TOiole tomtoWtf ' ^ ^V':^y ■ ^ - ' ' • ' ■ , ' ; 

^:;\.2,#/'' Adding Md Suh ' * ' - ^ ^- "^ ' ' : ' 

Ij- . ^ 'F^* act ions ; ■ ' , V^-. \ =v%^^^^;--- » " \ 

V;6/l; Rgrtlo^and Prdpbrtioh^ ■ ; ' ' ' '. ^ ^ ^ ? = ..=^ V - ' ■ ; 

Gebmetiy . . _ u ^ /■ //^ \ . ' . ' . " \ . \^ - 

Stfttlstlcs *ajid Prohahility . * ^ 

The f (feaat of each chapter is i" ' ^ ; . - ; 

1* Pretest oh skllis < . : . / • — ' ■ 

" Z\ Skill^ development ("Shai^en Your Skills'' ) , ' , : 0 , : V v 

3^ Pradtice (-- Practice tour Skills" ), , ; - ^ " ■ . ^ 

Post- test on skills / [ ■ ' = ' ' ^ . « . ' \: - 

1 problem/SQlvlng skills . . ■ ; ; 

- 6* Applications ■ (Smtim titles includer Sports^ Food and Clothing^ ;^ 
V Wheels/. /Jobs; and Careers^ Envi and EcoloSTj Eecreation^ Travel^ 
. ; ' MDney Matters^ Earning a Living^ Managing a Home) ' ' ^ 

-■ Chapter -^e St - - ■ ;^ ; ^- ^- r • 

The ■ App^lications portion constitutes 50 pe^ent of each chapter, "Using Your ; " 
Calculator-* and '■Something Different" are dnterspersed throughout , ; In ^addition 
to 'the customary §r ill exercises^ there are magic squares^ cross raumber puzzles/ 
etc. to practice skillsi The :ch^ter: tests ^ howeyer^ do not ^ reflect the hea^^^ 
.einphasi% on applications* ■ - [ ■ 



"Using Your Calculator" Includei routines for cirtainealculat&ns (e.g, adding 
two fractions)// guessing numerical ci^lpilties^ problema InvQlving large and 
3mall numbers^ and the;^iike. Fourteen pi^blem solving^ sk^^ (a, g. .estimating 
the answer^ draw a picture^ use a table)' are discussed* , problems with insuffi- 
cieht-and extraneous data are ihdluAed* . ^> ; . , 

The" book Is yisually stunning/ Muitlple, colors are used to highliobt important 
poirits ■ (as -mw as; seven ■dolors are used on /a sing£e page)| photographs are 
used extensively In the Applications/ sections a^ are char'ts^ tableB^ maps etc. v 
CQntainlng real-data ,(e^.g."EM^ Mileage Chart for SubeoD^act Cars) . No minority 
group of^'any ;klnd' could possibly be offended ;as^ ^stereotypes are conspicuousO^ 
avoided, . . " . ^ ' . ' . . = 

The teacher' s .edition/ consists of the student text with mswers overprinted in 
blue and. margih notes oA (l) teaching hint sy (2) activity suggestions (e*g* bulle. 
tin board^ field trip)-^ ('3) background information on application topics^ and.. 
(U) informatlbn^ about the photographs . Diagnostic tests/ cp^eten^ tests^ 
a . suggested timetable^ and information, on other resources are also Included. 
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ClarKsoa^ David M.- and G^ble^ ^kndy\ - General Mathematics * New York r j\nipr^' 
lean Book Company:^; 1980 ^ -370^^p V f / . - \ , :^y- ■^ =V;^^- ' -v^ 



A reviewer"^ atriidk by thfe *uies pblor* graphics, and^- . ^ 

phbtdgraphs In this text* > The Aayput i& imptessiveVV^ ' v . - ' 

Fifty cdmputational skills ("checkpoints"), have been -identif led anfi are listed " 
for etnphasls in^ the 15 chapters^ and students ^abll it lea 
through .tifif Me of almoat 50 pagas of tes ts in :.the append 

as s , "dividing by inultlples bf 10" are identified In the teatiher's edition by 

follow; ■ ' . • • ^- = 4 ' ■ 



chapter and page , Chapter Jti ties 

\ 1. Organizing^ Fact^ 

■ Basic Operations . 

3* Mieasures a^d Rates 
- ' 4 Angles J ; 

. '5* Ratip and Propprfrion 

6. Graphs and Charts 

J, Shapes anci Constructions 

8, Signed Numbers ;= 



9^ 
10, 
11. 
12, 
13. 

14: 

15, 



Mapi and Gdordlnates 
Areas and Volumes 
Chance and PrediCition 
Unusual Measures ; r 
Math\^ and Ecology /- 
iSolving^ Equations 
Indirect Measure / 



The text is unusualin many ways ^ 
which is used thtoughout . the teKt 



The. first section Is. about 'metric measure^^ 
Each chapter- includes several pro jecta, ^ ; 
toperlinents and games, along with explariatd&pns arid saimple problems * Regret^ . 
fully^ all activities are highly structured sa there is. little opportunity, for"^ 
the student tij d0 much Independent thinking . The- content of the < probleiii set- , 
tings are interaatingj emphasizing topics such as data on nutrition and payeer 
descriptibns and data. Although there are many impressive subjects for act- 
ivities and interesting games p the Students, may be confused by the sequence ^ 
of actlvltias. Often it appears that the applidatibns ha^ dictated the ; 
sequence. " ■ . ■ ^ . • . ■ . , ■ • ■. 

An AppendiK seGtion Sailed "Calculator Workshop" has 20 calculator activl- v 
ties but most have no , apparent educational gqal , Excep^t for another game- in 
the body of the text * no real use of calculators Appears* - - 

Even If this book is not selected as' a textj^^ teacher might (ind it useful v 
as a reference, . • . ' - ' ' 



(A second review of this book foilows.J 
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CI arksbiis' David M, an^Gamble^v Andy. General Mathematics^ 



student A nvpl vement i n )ai^ij^ing ma^hematl cs , Each chapter begtn^||[1 th 9n . 
Iiiterestlngf byt stinErie!^^^ pf cmathemattc^tnvpl ytng J-R|i|t1 cu ' i;:: 

process *^ ; S^^ are cf^^lBnged; to solv^ rnore di^ft^dnt ; ; 

extensions of the same situ|tion. One or more such lessons oh di^erent : 
apRl Ijjati Qns^^p^^ j^lated pr^ti^ . 

r^j^Uf res^stu^ previbus^aj^llM^ 
\ si tuat1 on w1 thout any modeT j| 1 ustrati on * Intfersperesed tliroughiDuJ^^ chapters 
.are: alsp projects and experlTO , 
collect their. own data 5 organize and Interpret tt, and sumari^ie tKlir 
results. Interesting game^ii^ occasion Which apply vcBapter^ 

concepts in cqiiipetit1ve:&iAa . ■ V . I W 

AHhough text lessons are predlGaterf on ^ri or student instif^uction With con- 
cepts and! prpc¥sses. to be applflfdt proyision is^^^^ for addressing missinq. 
prerequ1s1tiv6 sIcllTs. Each chSpter is. preceded by a checkpoint section ;\Jh1ch 
prii^sasses student concept and &l<i1 11 eve that chapter.^ 

An exiSnsive appendl x.-sect1%n icontai ns dri 11 lessons keyed to each idea of ; 
the cheikpotrit section^- ' /' ' ' - ■ v : . ^ / ^ 

The appendix also consists of a* 10-§ige; calculator workshop and a 4- page 
vsutranary of career 1 nf ormati on i^ maffehemat1cs-7flp|jTted f 1 e ^ Occasional 
calculator and occupational referei|Cg pages also odcur throughout the text. 



b^vlem solving is not specifically stated as a gpal for the book nor are 
any •sictions explicitly devoted to It.'' However, the underlying structure o.f 
the tpok is ■problern^oriented- therefore, the book is cdnduci.ve to, a problem , 
sol viljg approach; ; ' . ■ 

Chapter topics' are deceivingly suggestive of "a, more traditional , content ,\ 
brganizatlon- than the applications apprpach they eTC V , v 



1 



■ 4 i 

■ .5. 

■ 6.' 
; 7 :' 

9. 

■ 10. 

n . 

. 12. 
13. 
14. 
15, 



- -'Mil 



Organizing facts- , ^ 
Basic, pperatioris 
Measures and rates .\ 
Lines and angles ^ . 
Ratio and proportion 
Graphs and chartsv ; 
Shape& and constructions 
Signed puiribers 
.Maps and coordinates 
Areas^ and volumes 
Chance and prediction 
Unusual measures 
Math and ^^coipgy- 
Solying eguatipns^ 
. Indirect measurement, * • / i . V/r ■ 

A few early lessons introduce the calculator ithrough flow chartlngi thereafter 
calculator use 1s optional and.y^eferr|d to 1f|Frequently. Very few^problfim 
solving questions are presented and these a| fnrl6hment puzzles . No dis= ^ 
cusslon of problem solving strategies 1s,t^l|ided 




Dille^.^ clyde k. and Rucker, Walter E, Mathematics: ^Modern Concepts and 
Skills ^sJXexing ton, Massachusetts i D.C. Heath, 1974., 406 p. 

The authora provide a well balanced text for general mathematics or pre--alge- 
bra. There is study of mathematical topics and of everyday applications of 
mat hemat ires . There is an abundant number of drill exercises but the strongs 
est aspeift of the text is the large number of problems^^not exercises In a 
given problem stype but a variety of word problems. 
Chapter titles follow.' 



1. 


Numerat l5n Systems 


2 . 


Number Theory 


3. 


Estimation 


41 


Algebra 


5. 


Ratio and Proporti^on 


6. 


Measuring Lengths and Angles 


7. 


Geometric Figures 


8, 


Area 


9. 


Three Dimensional Figures 


10. 


Algebra with Real Numbers 


n. 


Probability 


12. 


Statistics 


13. 


Consumer Mathematics 


14/ 


Lndirect Measurement 



The standard topics of general mathematics, such as taxes, interest, and com- 
putational skills- are covered. More impressive is the inclusion of algebra, 
geometry '(5 chapters!), probability, and statistlcs==all topics often denied 
to general ^mathematics students, yet of practical value. 

As the authors claim., 

"Active involvement is stressed throughout this textbook., ^ach 
concept i^ developed intuitively by relating It to an appruprlatfe 
model. Also, projects are Included so "that students ^dan explore 
mathematical ^topics on their own.'* 

Extetislve u£^e is made of artwork, color graplilcs , and Lartuuu Lhai:at=Lei ^ . 
"Thbughc clouds" are employed to explain thinking behind calculations. 

There is nt> mention or use of calculators. As a matter of fact, problems ap- 
pear CO have been developed to control caret ully the calculations involved. 

bupp It-'oien tsdry worksheets and tests are available cis a Luok ut dupl iceit Ing^ ma^L 
ers (dULi-j Hht-ets). Hutu teachers wuuld find th«jse 76 masLers useful; however 
the number of copies from each master is limited. Thi^ reviewer would rather 
have a set ej f the supplementary materials printed on paper so that theLmal 
masters i-tiuld be luade as needed. 



/ 
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Lewis, trarry. Mathematics for Dally Living . Florence, Kentucky- McCormlck 
Mathers, 1980, 534 p. 



(I 



The text might be described aimply as a financial survival kit. Each chapter 

s *an analysis of a major component of personal finance* Chapter topics are 
the following : 

1. Automobile ^nershlp 
^ 1. Commercial Transportation 
3* Purchasing Consumer Goods 

4. Personal Income 

5. Income Tax 

6 . Banking 

7. Banking Services 

8. Small Loans . . 
9* In^restments in Stocks and Bonds 

10. Insurance 

11. Retirement Income. 

12. The Cost of Housing 



Chapters consist of from 2 to 7 units which provide a^^^ook book" description 
of how to do the calculations for a subtoplc* For Example, the first chapter 
includes units on the loan, insurance^ depreciat ion , operating costM, reading 
a road map, determining average speedy and travel costs. The chapter "Small 
Loans" Includes units on the small loan agency j the pawrishop loan, the credit 
union loan, and the 'credit card loan. Discussions within units provide a brief 
overview of the topic and an explanation of how to solve a particular type of 
problem. A gr^at many exercises follow in which the same format as the sample 
problem is usefa. Also, a supplementary workbook is 188 pages of exercises 
keyed to those in the text. 

The exercises are very practical and realistic in the sense of using reason- 
able data or providing answers tu questions useful to a consumer. Much of the 
data is taken from real life situations but the result of inflation may require 
very t requent revisiuns to maintain this uha rac L ^ r Is t it; . Problems, as opposed 
to exercisers, are nuneK istent . Alsu, no menLloii is made uf using calculators 
even though fiilthmetic exerciser, sucii a^ Lhuse with, dally intetest tat^H 
carried out to ,thf seventh decimal place, would seem to justify tlielr use. 



vtjar, wh.= will .s.aju ha^/d Lu bfeCume conttrnej wiiti person,il fliian.e:. 



Price, Jack; Brown, Olene; Charles, Michael; and Clifford, Miriam Lien. 
Mathematics for Everyday Life . Columbus, Ohio: Merrin, 1978.) 415 d. 

The emphasis in this text is on applications of mathematics In daily life 
activities. Computational and other related subskillS are presented as key 
'Skill sublessons within the overall framework of applications-oriented lessons 
Chapter topics are: - 

1. Tables and schedules 

2. Reading and constructing qraphs 

3. Working with data 

4. Reading measures 

5. ^ 'Useful calculations 

6. Buying a car 

7. Buyfng a house 

8. Comparative shopping 

9. Student supply store 

10. Insurance 

11. What's the angle? 

12. Constructions 

13. Polygons 

14. Surface area and volume 

15. Energy 

16. Energy and conservation 

17. Science and the environment 

18. Health and nutrition 

19. Mathematics in sports 

The'^test is characterized by colorful visual presentations that use pictures 
of rfeal-Hfe materials (e.g; forms, tool readings) in lessons. The self- 
contained nature of individual lessons provides optimum flexibility to the 
teacher in selecting and using application tdpics. Career corner' pages in ^ 
each chapter provide short glimpses of mathfmatics applicatiqns 1n real jobs. 
Interwoven throughout many lessons are informative ideas and Insights about 
consumer decision-making. 



Each chapter is dccumpanled by pre-tebt and student belf-test* ffie teacher's 
edition also includes diagnostic skill, chapter, and semester tests,. Each 
lesson in the teacher's edition has student objective, answers, and suqqestions 
overprinted in red. Dally assignment guides, unit i ntroducti onb , chapter 
overviews, and lessur} discussions make^uD a separate teacher's guide section. 
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Pn'ce, Jack; Brown, 01 ens-, Charles, Michael; and Clifford, Miriam Lien. 
Mathematics for Today's Consumer with Career Applications . Columbgs, Ohio; 
Merrill, 1979. 416 p. ■ r~—^ - 

This text 1s a special edition created by combining units from two other 
Merrill general mathematics books^ Mathematics for the Real World and Mathematics 
for Everyday Life . Topics chosen from these books deal with consumer 
djecfsio^* The result Is a text devoted to the mathematics involved in 
consumer education. Chapter titles are: 



1 . 


Earning money 


2. 


Checking account 


3. 


Savings account 


4. 


Credit cards 


5. 


Income tax 


5. 


Buying a car 


7. 


Buying a house 


8. 


Comparative shopping 


9. 


Student supoly store 


10. 


Insurance 


IK 


Tables and schedules 


12. 


Reading and constructing graphs 


13. 


Working with data 


14. 


Reading measures 


15. 


Useful cal culations 


16. 


Length and distance 


17. 


Other cofTTTion measures 


18. 


Ratio and proportion 


19. 


Area ■ 


20. 


Vol ume 



Chapter 6-15 of this book are identical to chapters 1-10 of Mathematics for 
Everyday Life. Additional chapters from the other Merrill general mathematics . 
book Drovide an older emphdsis to the daily life ^appl icatiuns of this text. 
It is probably better suited as a consumer niathematics text trian a general 
mathematics book. 

Ihereror'tt, Lfie funiidL. features, and b upp I ^i^ert Ldry ^ei^Llun^ uT LfilS buuK 
are similar to those or the precediny Merrill book Howevei , the few 
lesL.o.is using L.dlculdtors are delayed until chanter 13, and probUm sulvnig 
IS not jir^Ltly addressfed in either discussions or ^nr i (...hrnent p^bl^ms. 
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Price, Jack et al, 
E, Merrill, 1978. 



' Hathematlc s^Qr jhe^ Real World . Coliunbus, Ohioi Charles 
416 p. ^ ^ 



.The text is organized into 4 major units w^th 5 or 6 chapters in each, as 



f o i lows ; 



Money 



l.VEa 



nt 



Earning Hon^ 

2. Ghecking Account 

3, Savings Account 

4. Credit Cards 

5 , Incpme Tax 

Measurement and Estimation 



6. Length and Distance 

7, Other Common Measurements 

8. Ratio and Proportion 

9, Area 
10. Volume* 



Statistics and P robability 

11. Gathering and Displaying Data 

12. Describing Data 

13. EKperimental^atebabllity ^ 

14. Sample Spacft 

15. Using Stat^tics and Probability 

Patterns in Mathematics 

16. Patterns in Mathematics 

17 . Operations 

18. Number Theory 

19. Solving Open Sentences 

20. Problem Solving 

21 . Sequence and Series 



The pretace, tc5 ceacher's guide indlcdtes that the text "...provides a comprehensive 
course in general mathematics. The apprQach is based upon educational research 
C3f the senior author along with research findings in the general math (sic) 
area.'* This reviewer doubts Ehe validity of these statements , The text was 
found to be entirely skill oriented and complete ly >devo id of any problem solv-- 
ing experiences-^/even in the 12 page chapter entitled "Problem Solving." Some 
of the sections of this chapter are: Formulas, Problems involving Multlplica- 
Lion and Division, Ratio, and PercenL , The self test for this chapter has 30 
"problems." Nine are formula "plugging" (e.g. d - rt given. Problem 3. r - 55, 
L - 3k\ "evaluaLfe" the formula^ Another 8 uf 30 problems -are "Solve the Pro- 
portion" (e.g. 14/b - '//8), Another 8 are percent exercises (e.g. '[30% of what 
number is 10?") The reriiaining 5 prublems have words (e.g, 12. Find tlie cost 
uf 3 item.^ which cosl 27C each,) The longest "problem" follow^. 



"30. A aupet charger will incr^^^a Lhtz hursepowet uu Tom's by 

20%- If the current horsepower Is 150, how much can it be* Inciea&ea 
by Lu.ualliuH a supet charger?" (p. 372; 



^ I .J 1 1 Lht= LcaL v.^UiLaillS little exp i au4i L i Uli wl lu j L ht^iu.. 4 l . ^ t.'^t il*^- t 1 

Wv.i Id II uia^iin.s iuiiiJrtids a [id luindreda ut it.isea whici» iiiai. e r^v/i^w^i 

gtaLcL.il fic iiu I ^tude^nl dasign^d tbl^ L^^xtl 



Shulte, Albert P* and Peterson* Robert E* Preparing to Use Algebra 

(2nd edition). River Forest, Illinois: Laidlaw, 19787 ^gYp^ * 



This text Is designed for (1) students mt ready for a first course in 
algebra ("contains all the basic mathematical content required for 
success in algebra'*) or (2) students who may not puTsue a collegenprepara-- 
tory program ("emphasis on conj^^^tional skills and practical uses of 
mathematics is most benef iciaiy to these students")* Topics included are i 

1 . Simple sentences 
2., Solving open sentences 
3, Ordered pairs and graphing 
4* Nuxtber theory 
■ 5* Operations and their properties 

6. Operations with fractions 

7. Operations with ^decimals 1 

8. Integers ^ 
9- Sentences with integers 

10* Problem solving ' 

11. Ratio and propofti^ 

12. Indirect measurement * . 

13. Rational numbers 

14. Using algebra 

15. ApproKlmatlon and measurement 

16. Square root (optional) 

Each chapter contains a vocabulary and chapter reviaw, a chapter te^t^ and 
activities J with special topic y interspersed. An application uf mathematics 
in a career (flying, photography, space travel, typesetting, ^ir conditionings 
puwet lines, plumbing, police workj etc.) is included at the end of each 
chapter (1^2 pages) , 

The prob 1 em=so Iv ing chapter focuses on writing equations and making Cables* 
A bLief introducLiau to each chapter sometimes cites problem solving, pre- 
HuiTiably motivatiun. Thus, the inLroduction to chapter 1 indicates that; 
''Be fort: HuivLng problemss ^ guud problem--tfO Iver needs a set of mathematical 
Luois, in this chapter you will learn wh#n to use some of those tools *.." 
(p. I) Ci^idpLer 7 begins; "This will enable yuu to use decimals when solving 
HOm^ bt the prubletus you in^al ev^ry d^y" (p. 190). Nu wther exp licit atten-^ 

I 1 1 L o rjfci L i a uy^.ii , with 1 a a l 1 1 i , t t i a L i v . 4 j ^ 1 1 » * » 4 1 p i w . ^ ,h * i i 4 i v m 1 V e 

a given, inataiaje (^.. ample), statement of a r^i^* m. .re exam|jles, and ^^r act ice 
eAefci.^eS. Tlie c^xereises ate coded fut .^ral, wriLten or opt i una 1 extension, 
and opLiunal lessons are noted ("fui f 1 u xib 1 1 i t y " ) . ihe teacher'^ edition 

uii^jiats ut t lie ritudt^nt Lextbowk wlLh duswets uverpLiiiLed in red, ^nd a 
^ie pa rate set. t ion with performance objectives, comments, aud some suggest lun^ 
un . wha t l o po int out l o s t uden t s . 

N L t 4_ L C U t.. t-'. 1 rj L U U d kJii L llG U aei I K U 1 4i t , / t & ^ * ^ 4 ^ * * tii^ Mi « i ^ ) 
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Wells, David W. ; Shulta, Albert P.; and Choatej Stuart A, MatheMtlcs 
for Dally Use . River Foreat, Illinois i Laidlaw, 1980. 544 p . 

The primary ecphasis of this general mathematics textbook is on 
computational skills and practical applications. Topics includad are: 

1. Using tables and graphs 

2 . Making graphs 

3. Equations B^nd formulas 

4. Ratio and proportion 

5. Measurement 
6p Plane figures 

7. Scale drawings 

8. Consumer skills 

9. Solids ^ 
10. Chance and estimates ^ 

A "confuting skills refresher", containing exercises un (1) whole nu^ers 
and decimals and^ (2) fractions and mixed numbers is included. 

Special topics* a "career corner", and a "consumer corner" are inLersper sed. 
Each chapter includes a test, review works and a preview test for the next 
chapter. Chapters begin with a "picture^ preview" of applications of mathe^ 
matics to be developed in the chapter; other illustrations and, photos are 
also included, in an attempt to provide a "highly visual", "readable" text 
with "practical content and a variety of applications of mathematics to 
everyday problems"* 

Q 

The lessons generally take the form of (1) illusttatiun plus questions 
followed by (2) examples and eKerclses, laatance--rule-example-exercise 
is thus the pattern followed. The teacher ' s ^edition consists of an anno- 
tated student textbook plus a Mnual with background Information, teaching 
aids, tests and answers, suggestions for organizing the course, and brief 
conmients on each section. 

leaching of probiem-soi viag ^LtaLegie^ is not apt^at^uL, uql any Eillu#iw»ii& 
Co the use of calculators (or aomputers) . 
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1980 Ohio Regional Conferences , 
on- ' 
Mathemat ics Education 

Sharing Ideas with Colleagues 



f Dominoe s ' 

The 1980 Ohio Regional Conferences on Mathematics Educatioh are supported 
by a grant from the National Science Foundation as a project in the program for 
"DlsseTTiinat ion of Itiformation in Science Education." The purpose of such pro-- 
Rrams Hs to provide information to educational leaders and decision makers. The 
conferences thumselvtvs are hot in^servLce activities tor teachers. Rather, tlie 
incent Is to reach superintendents, principals, supervisors teacher leaders huc 
as depe^rtment lieads ^ and college mathematics educators. Our goal is that this 
cadre of able people will reach the many teachers serving in Ohio's schools. 
The plan is chat participancs in the conferences will conduct some sort of in--' 
service program for teachers in their own or nearby school - sys terns , The Con-- 
ference Development Team has attempted to assemble a packet of materials and to 
develop work sessions during the conferences that participants can use when they- 
in turUj provide Information to their colleagues* 

The purpose of this paper is to suggest some vehicles that participants can 
use to disseminate thfe ideas and resuurcea of the 1980 cunferences to their col- 
leagues. In this way the project ^Is designed to have a domino ^ffect^-and to 
reach a great, many classrooTn teachers through a multiplier effect. The six mem= 
hers of the Conference Development Team come from different areas of Ohio. 
Through the conferences they will reach .about 300 educational leaders in Ohio. 
If each participant transmits some of the conference ideas to 10 teachers » mortj 
than th^rd^e t h j.)uaaud teaL.htars will be i cached . Some conffe^renc^ pa r t Ic i [jan ta havL= 
the [ujH I c ion anil ab I I iiy lo i^aLli untj hundred ur Lwu luiiulred teat luj r s-- ^ t ha t is 
t ht' r ha I I ciuu^ ! 

Uslu^ the Pa^ki^L 

I <^ , ' . I , L > I i 1 .1 1 . . 1 1 u \/ c b CI- u a £3 cmb i , 1 .1 , , ,i i 1 1 1 4 L I J , . 1 1 L 1 , 1 pa 1 1 i . < t 1 . . * 

i \\v .■ u I a i ui t , . I ! d u i L i ( \ ~ .. , t- r V i . . er a t/ L i v i L i e.^ . Y t ) * i iih > y t i 1 1 d . / n e or uuj r f \) . i|) ^ r a 
will ill -uu L.iu uj^t_= dir.t cly as Lht.-v lXi^ wi iiLw... ihct^. tuay bfe that yu\i 

w a u L L i_j mw d i t , t o l 1 1 le pc i a i S i t m a t i m n I ii yo u t S c hou l . i h e [nd ] u r g 1 a t is 
L h . i L L ; ! t . J ,i t k Li t S t; I u . 1 3 tf in b i d L t> bu u a J . P a t i 1 t. i j j a L a S t kj 1 1 d t e tj 1 t i I ^> 
use, ini>d I t V , or ,idapL trie paikec m,j L i i I .-i . 

WLaL t.. Lu, 

'^\\ =1 1 . 111 ^ I ' li .1 i i L 1 u i [/tin L Jo .4 1 i , I h .... coil t ti 1 , ... ; 1 U I . . ..... t i ' M 1 

I 1 in I 1 ( 1 ^, u I ?i t.) Ill e u I L 1 1 u < i L i V I L i rj ,s , . ij I u I t' I u . p a i. L 1 1 1 p a U L js in i 1 1 L . i us i J e r i 1 1 . . l . 1 . • 

. • d [ s s . lii I , 1,1 L t' 1 dc - ifi L i . t - V M n d 'i^-i f f u 1 t i 4 i i'f tilt- i uii t fi K t= 
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In-service 

A great many applicants for the conferences Indicated that their school 
system has scheduled in-^service meetings for teachers and that they would have 
-an opportunity ,to make presentations at these meetings. We would suggest that 
you don't try to do too much if you are preparing an in-service session. In 
particular, please don * t try to condense two days of , conference meetings and 300 
pages of packet into a one hour presentation* We suggest that you carefully 
select a tew elements of the conference ^or packets that you found interesting 
and useful. You might want to reproduce some papers or parts of papers to dis- 
tribute be fore 4 during or after your in-service sessiofi*^ 

News letter / ci r c u_la r 

--------- ^ 

Even if you don't have an opportunity in the .near future tu conduct an 
in-service meeting per se, yoa might be able to review packet materials and 
notes from the conference to compile a small packet of materials for your col= 
leagues. With perhaps a single cover page explaining what is attached and how * 
it might be used, you could prepare copies pf materials to disseminate. If your 
School system has a newsletter, you could make arrangements to submit small 
pieces over a' period of time---perhaps "Problem Solving Ideas*' or a "Calculator 
Corner" section could be established. 

Resoui'ce Centar ^ * * . 

Supervisors and department heads might establish a resource center for 
teatihers. Such a center might be a file drawer where all teachers can contrib- 
ute ideas* problems 5 or papers to be used by. everyone, A departm^[it meeting 
to discuss the resource center mi^ht be a vehicle to help establlah it and im-- 
prove its utilization, - 

Facu lL^ Me ^tlu^^ ■ ' ' 

Perhdp^ Ltifc lua Llitz-iua L i i^ri ra^-ulLy u f a ^choul i.uuld iuSi¥^^^^e L ht^ i Lu consider 

wiwiL caii be Junt Lo improve probleni 'suiwiiig abilities in ail or delected cours.es 
Wt^ know Line schoul where the principal has developed ihe schedule su that all - 
mathematics c teachers have the same planning period, The^e teachfers meet almost' 
every .schc>u[ dav to wwirk uu iiiipruving the pkOgram diui individual courses* 

( u I 1, 1 1 1 > n M t !j L i I L 

t I I u 1 L / lUt: «. t 1 tigs ..Li., s,. . L I .1 1 I. 1 ^ . M. J .1 - J . . t .i.C ii i I, , . i I a 

Hpt-,. lal d i riL' us.s i ijn mee t iii^- - vety infutmai ses... ion for fa.ulty lU c. naider a 
atj I ec L c J I o p i 4 

1 1. . J. , c u 1 1 V , want Li J Lr Hume dii_Livii lea uuL in Lheir UwU cLi^s^^. Aflet a few 
f. r y uuLrt Lht-y iisi^fiL e t t t- L 1 - 1; 1 J I s .'ieii! i na 1 1: H*»tiie uf the Lhiu^,.s Lhcy hnVt^ learUeU 
I nv L L 1 lit, t» I hu I, t ^ ,u iu. t S L.* V I i L t Itt- 1 i v 1 = i i . .uiii.j dui i n^ n pi tjh 1 wu 1 v 1 

i»r lm I iMi I fi t r tla^iH. Wf bulit^ve Uk»l ?ieeing students in cl.i^iiroom s^ci.tin^w u^3 i nj. 
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new ideas is the 'beat stimulus for making any modifications in a program. By 
opening your room to observation, you may be able to open a lot of ,doora for 
other Ceachers to cry things. 

Alternative techniques to demonstrations in your class are (1) demon^ 
stracions in other teachers' classes, (2) videotaping parts of your classes for 
other teachers to view or (3) describing your experiences in the classroom 
with other teachers* 

Ac t ion Re search * 

Some teachers like to try new. techniques » curriculum modules, or instruc- 
tion strategies. Often they can develop a mini-research study to ascertain the 
effect of ^ the special treatment compared to a control group. Such evidence can 
be very useful to justify a pore comprehensive change* 

AncU 

The^su^gest ions in this paper are only a part of what can be done, Fol^ 
low-up of the 1978-79 Ohio Regional Conferences (groblein Solving and Use of Cal- 
culators in Elementary Schools) proved that participants can devise ingenious 
ways to share ideas and disseminate conference materials with their colleagues. 



Conducting- Problem Solving WorksKops , 

One purpose of chls conference is to help prepare yooj to provide inservic 
Instruction on teaching problem* solving to colleagues in your district. To 
th^T^end we have prepared outlines of several appropriate workshops. Twu of . 
the workshops are designed for Junior high school teachers (an S^hour work= ^ 
shop and a 2=hour workshop) and two are designed for high school teachers 
(also 8--hour and 2^hour worjcshops ) , 

The only difference betwtien th^, juiiiuL- high and high schuul workshups is 
in the selection of problems to 'be used. En all cases the problems were 
selected to illu.^ttatt^ a wide variety ut rub I em su lying strategies. The 
problem listd are, of course, merely sugges tiuua , You should feel free lu 
subBCitute yciui uwri ravurite^. " , 

Iht^ dilteii^iues tjcLweeii the .alis^i. 1 aiiJ iun^ t kssliu^^s ^re 1 li Llit; nuinbeia 
of prublems to 'be solved and in the inclusion in the long workshops uf time 
fur participants Lu Lry out suine uf L he Idecin tht^y have le^irued by leading 

.-'LUw'I paiLl^ ip._illL^5 ill problt;;llf svjivliij^ ^ .jj, l iliu^t; taya^luu^ ^Ii^.uld I i»i u 

Ik' ill^cUSHed in iLetlnib of the ^E--acliiag skillb i n t i tjductU^dui'l ng tliu wuLUsliup 

YiMii p-ii L 1 C 1 Li Ch^ ^^liuiiia ^.t L i.iMii.iLJt t.^- ciSJ.ii^-. ili^i ili^ wwiKatu.jp will llviL 
ii.ikc L lu L- I L :> in Lc.i.liiisM I lit: C v/L> 1 ^^'11 Su 1 V 1 j i , , ^ s At iL Cim 

i 

i^.iKJiiii^ be ha Uiat will lui. i.a-.t^ ti.e p t .a. .i La 1 i i > Uiui ilit^lL i ^*d.. n L^^ i i I 

i^ . itu t <.j HwivtJ .a. i wiiiH , and t:Li. . Mi L ti^c Lheiii Uii^.mK. ulit^ii Leaiiilu^ ^\i.a l& 
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Outline of an S^hour Workshop on Teaching Pr5blam Solving 
For Junior High School Teachers 



ri 



B 



Introduction (15 minutes^ 
A* What is a problem? 
1. Blockage. 

2* Acceptarice by students. 
Why teach problem solving skills? 

1. NCSM and NCTM lists of basic skills. 

2. National assessment and results. 

C. Schedula of workshop and purpose of each activity. 

Solving problems (2 hr, 45 min.) 

A, ^ Handshake prablem - Suppose that 10 people meet for the first time 

and that each shakes hands with each other exactly once. How many 
handshakes will there be? 

(Some appropriate strategies that can be used are^ do an experi_menc- 
draw a diagram, make a list, do simpler but similar problem^ luuking' 
for a pattern, logical reasoning) 

B, Dartboard problem - What is the'grgatest number that can not be 
scored on tl^ia dartboard Assume chat you have Inflnitaly many 
darts. . ^ 




m^k^ a Labiu auJ luuk £ul a p^LL^tn, deducLlve t t_-a&un liig ) 

Louie Che nambler - Louie the Gambler tuok his^week'ri paycheck tu 
the casiiiw. He pcild the $2 ^uLr^iiue tee, lost k of his remaining 

This 

AdVH AL the eiiJ of Che rifLh day he had $5 ^tl^t 
.a.^inu. WhaL wa=, the araounL of his weakly paycheck? 
working backw.jrd) 

rsiii^ L}u= dlHlLH 1 , 4, 6, 7, uuJ 
d i i', 1 t 1 i 1 L ^ c f ■ w h . J .4 t p f V . d Li L 1 ti 



^^^^^ ^ J =tw^4, i lli^T^ 4^111^X11X11^ 

monev^and Chen cipped Ch^ hatcheck ^Li l $1 on his way out. This 
bad luck pcr^.iiHLed; the ^amn sequeiA.e uf ev^nta happened each day 



tut iiLKl 

he let I Lhc 
f S t £ M t fei K V : 



f' ^ 1 L i 1 i [ 1 . ,. > 
! 'w muLi V I 1 Ti. u i t S 



LetMaL ii L i la i a 



.d ur 



i UigiL liuu^ci 
p ^ y i b 1 < . 
uKhau.sL i ,1 1 1 



a ud a 



- t Che f 1 



t- 1 d m 



1 i > 



1.1 t. u 
th. f. 



. in... r ma ke L . 



iia 



1 akeJ 



-Snuwii ill L he t 1 Mii 1 



Uu .ire/is of Chp unrak.d ru. l 



. . ! . 1 I I 

C h^- a. 

i 1 1 g 1 t' H 



C UiiH bt--f.Mi ran. i .mi hhi Cr^i i 
ni'Liujr puinl uf viu^ to cunaid^i 

if tvr e.jch tf ill 1 i OLlnd uf ihc- r ake. ) 



r 
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III; Teaching problem solving skills (4 hrs. 3P min,) 

A. Objectivas ; 

1, Selecting objectives Chat involve the usa of problem solving skilfs. 

2, Assigning priorities to objectives, 

B. Reinforcing scudpnts* 

1p Reinforcing acco^aing to obj^ectives, ^ 
^—2. , Reinforcing approximations of final behaviors. 

C. Testing problem solving skills. 

1. Testing the ability to use selected strategies. 

2. "^ Testing the ability to choosa appropriate strategies. 

3. Formal and informal evaluation. 

D. Providing help - asking questions. 

1. When to help* - ^ , 

2. Giving as little help as possible. % 

3. Giving help without guiding toward specific strategies or aolutiuns. 
. 4. Wait time after asking questions, 

K, Holding review sessions after problems are solved. 
' 1. How was the problem solved? , 

2. What made the solver think of his solution or method of ^ulucioa? 

3. What are the advantages and disadvantages of the method? 

4. Is Chare a different method or diffarent solution? 

F. Practice (micro teaching) sessions for workshop part icipanLs . 

tV, Classroom organization. (30 minutes) 

A. Teaching a unit on problem solving and then applying Lhe dkiilti 
regularly. 

B. Using one day fur prublem solving. 

C. Skill centers. 

D< Using a probieiu ^ulving tippLuadi da ^ beiaic teaoliiiig ^LreiLeg)' 



, Qut-liae of a 2-^hour WorkshQp on lWaching\Prpbiem Solving 
P2.4 = . . . i Mi- ' ^; P2.4 

For Junloc High School :Xcachers . 

■1. . 



I, 'Intrpdugcion (15 minutes) 

A* l;/ha fr^*i^is a ^problem? , 

A. ^^^kage. . / ^ ^ 

2. Acceptance by students. 
B, l^nry^f^tfeach problem solving skills? 

1. NCSM' and iNfCTM lists of basic skills. ' ^ 

2. National as^esBraenC results, 

C- Schedule "of workshop and purpose of each activity, 

* , ' ^ 

It. Solving problems (1 hr.) 

'A, Handshake problem - Suppose that/teti 'people meet for the first, time and 
thut eaqh shakes hands with each o^her exactly once* How many hand^ , \ 
shakes; will . there bf? (Some scrac^gies that can be used are* do an 
»-^vexperiment 5 ^r'aw 'a t^^gram', mak# "acAl'st, do simpler but similar prob- 
lems lofeking for/^ pa'ttern, ^educt^^^ reasdningp) 
'B. Usin^ the- digits 1, ^\ 6^^ 7,/^ and 9. -Mrm a 3=^digit integer and a Z-dfgrt^ 
^ Integer -who^ie- pro due t is as large B^^ossible, (Strategies: systematic 
tr lal,> and .^rror , ^exViaustlmf^all possibilities . ) 

111. Teaching ^^roblcm ^plving|-strategies (60 minutes) 
A/ Objectivps. "^^^^ 

1. Seleuting objAtlv^^ thaG Involve the uae ui probltMu sulviug skills, 

2. Assigning priori ties to objectives. % 

B. Reinforcing Htudents. v^^.- \^ ^ 

1. ' Re L n t o r<.: i according to- ob j ec l i v^a . 

2. Reinturcing approx ima l ians tu tlual buiiaviury. 

C, Testing problem solving abilities. 

I . rt^HLiu^ the abiliLy Co ust^ se 1 l-c Led HLrategi*^^. 
2. Testing the ability to select appropriate strateglea. 
J. Furmal and lu formal evaluaLuju. 
D Pruviding help - iiBking fluestluus, 

I . When L o \\k^[ u . » 

2, C.-iviug litLlfc tieip^as j.JOSblLji.. 

I, fiiviii^ help withi.mL guiding student 4 tu\jard speu i 1 1 t i i i eS 

\> t i 1 U t i n 

Wait L i.nc a t L L askihg ^ lit:^ i 1 tyjlS . 

; Mt ) i ,i L n^^ I i w s e & h i u n s a f l e i p r o b 1 e lik. .i i . . , . . 1 J . 
I. . liow ^1.-^ li u/ '-^^ I I etn Sulvfe^d? * 

i "'t^i.ii u.; rtc .-ioiver thiiik tyi 11... oui.i. i is.. i < 1 t i.ii ... 

i WfML'^.irt' til^' .idv.t.in ta^,eH or di .ddVaiiLagi ui Li.e m..Lho<l/ 
1 L > L ; 4 r L { .i A i f t'-ei ijiiii iiiw L ho d u I d 1 f f ^ t tui L :3 1 u t ion ? 

I t , > * . ..1 . ! i , . i lu ( Hi Mi Lnu L._ ) 

A . 1 tM I [ i I [ { 4 .1 1 1 M i L <^\A I M I dj 1 ./til si> 1 V L 4 1 4 a L 1 1 . , . » | . , * 1 y i 1 1 l i * ^ , . i 1 i i .> 

: , . ■ i M > f > 1 u. ■ I . ^ 1 w t- L ■ k I 0 r p 4 b I e m H u 1 \/ 1 i 1 ^ 
f h k L I I t c n k e r i i 

■J [ I llt^^ A ^^COti 1 f^ih . w» i . 1 ^!,^ . J ■ p riJ .Ji^ h >i I ,1 i . . . . 1 . i Uj. . , I I I - 
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Outline' of a- 8-hou?r Workshop on. Teachiffg^Pifb^lem Solving 
For High School, Teacher! ' ' 



4^ Introduction (15 minutes)' = ^ ^ 

A^\,, What is a problem? „ ' 
' '.r. . Blockage', ^. ■-' ' ' j\ 

• . -'2 i Acceptance by stude^teV ' / ' ■ - 

■ .J^y- teach rpois^^^ ^ , --^ ^ ^' 

^ NGSM ajTd NCTH lis'|| , of basic pkills.,. • ^ . 
^ '', 2* 'l^ational ass^esm^^* resulfs . ^ . ^ . • : /• 
'C. ^Schedule -bf workshop flnd' purpose'^f; gach activity, 



: Solving problems "(2J hrs .. 45./min^O ■ ' v , v ^ . ' :\ . ^ ^ 
A, /^Baint^d cube pfqbl^m^'^'^ Ima^'lne :avlar8e wQoden ;cubev that is , painted 

black and^ than tut ^i|iCo lOD-O' cpngruent^ ;Bmjri'.,^G4ibeB ^ How many ■ o.f . ^ . 
t ' the smMll ciibas hav^ O : fmces . painted?.^ One faW paihtad?o Two faces 
- • palritfed?' -Three- f&Ces? ete.v . (S-trategles " that^can\.be usfed Include 
' these^ J ekperimenc, solving simplfei^ hut /similar problempNi lopking ^ 
v ._^ot a patterfti^ liakfe a drawings syst^atic/c^untlng : - : 
^b/ Whdt is Che 'remaindar whan 5,999, is d^lvidacj. by, t?. ^r(Stragagy: . 

Simplar but. similar^problems *); ' ; >^ " . ^ ' . ^ \ ^ 'V- 
C . Raking hay ' problem 4: GiVeh a' ' hay field .600 "long and. 200-^ wide ; 
how many circuits of tjbe^f laid' must' the farmer make tQ h^ raked^ 
ona half of the hay? ■ 'H e rakes ^as^ sh^wn in' the figure, v ^ % /■ J 



/ 



Write and 'solve ^ an aquatien..: /(S trategiesf- Draw a picture / sttlSt 
point ^'of '^iew. Note: / Onelg^ajr to do- the^prpblpn. is to. consider . 
' * ■ thfe area that has been raked/and- sub'siract that frpm-nthe^ original. 
^ ar,6a. Using another pol^t of view is to consider the at^as/ of 
^ ' uni^aked ractangles after/ ea^h^ full round pfrVthe rake%v)v — ^ 

D . f '^^a t'^is the ma^flmtmi number ybf pieces .Into, ^wbioh an .orangev carf be 
^. • cut i^ith 10 cuts (gtrateglasi^' experiments simpler b^t similar 
■ problems*) ' ' ' v^-;^^ 

(Stratagy- worHcing backward arid looking for a- pattern*) - ■ 

Teachingvproblem solving sklllp (4 hrs* 30.min,^) * 

A. Objectives \ * - \ - * ^ ^ ^^ -^ ; . / > . . 

Iv' Sfelectihg objectives that^. involve -the use of p5pbl<am.solyirig skill 
2. Assigning prioritles^^to ^objectives . . ^ - 

B;^ v= Retnf orQing studertts* . v ■ ■ ' „ . . . ^.^ ,^ - ' ^ 

' . li^. 'Rein,fQrcing according' to objectives* T ^ ^ \ . 

* 2. keinf or eiitg approximations of final behavidrsv" . " ^ - # 



C.i' Testing^ problem sol^^lng skills, , ^ / " 

-r ■ Iv Tasti'ng the ability to use selected s.tratagleSp " . , / 

. ^ 2. Testing the abillity to choose, appropriate '^strategies. . 

. JB.^ FoVmal and iinformal evaluation. ' . ^ ^ . 

D; .Providing help - asking questions. , - = . ; 

« ' 1. When to lielp i .1 ■ . .■. 

2* - Giving a© little; help as- possible, ' . .= 

■ = 3v Giving help without guiding toward specific strategies or solutflons. 

V 4- Wait- time after asking questions, . ; . 

E. Holding review^sesslons after problems are solved* ^ 

How. waS the problem solved? . • 

^^ 2. What m^de the solver think of his solution or method of Solution? 
' " 3- ^ What Ira thm advantages and disadvantages of the ^method?. ' . • 
. 4v "Is there a different-method or different solution?. - . 

P./ Practice (micro teaching) sessioni for workshop - participants • 



Classroom: organization i I OOimlnutea) ^ . ^ . 

A, .Teaching a unit on problem solving and then' applying the skilla 
regularly *^ i. . ^ ^ . v v 

B. Using one day;a;week |for ^problem solving, 
C\ Skill centers, i ' ! - . . - 
D. -Using a problem solving approach' as a basic teaching strategy., 



¥2 7 Outline of m '2»hfeur. W on TeacHing -Problem Solving . / ■ ,P2p7 

/ ^ "■ - ^ ^ V ■ ./'For -High .Schobi ^Teache . - - - . . : 




; l.\ Intrdduceiori" (15 mihutes) ■ ^ ' * - 

A. What is a problem? . . ; - / -. ' ' - ; ■ ■■ / 
\ ,^ .' r 1~ Blockage.-, ' \ ^ . V. /i. ■ ^ . ' ■ — / ' ' ■ - 

Z* Acceptance by students* ' ' ^ i 

.B, .Why teach problem soiving skills? v ; ..^ 

- ' 1. ; .NCSM tod NCm lis ts= = of basic s I = - , ^ - . 

= . ■ ; 2, - National' assassraant results. :^ ■ \ . .\ . = . ' y 

' ; " ; Schedule of workshop and puT;pose bi each activity V 

. II. Solving problems, (I hr*): / ^ 

. A, How TOany gam^s are played in a sl^jgle elimination / tournament with ' 
; * 275 entrants?. .(Strafteglas that can be used include r paper-'arid-- . 

' . pencil, experiment, aystematic countings simpler but similair pyob=^ _ 

... ■ . 4- - 'j^gip^f, _ y ■'• ■ ■ ■-; ' ' " ' ^"/^ ■ ' ■ ^. ' . ' ■ ' .'■ " . '■ 

B. Painted cube problem - Imagine that a large wooden cube is painted 
black and then cut into 100 congruent small "pubes . How many, of; 

-. '■ . • . the small cubea have' 0 fades painted? 1 face paltjited? 2 faces ^ 
. , . painted ^ :etc/ (StrategiesV experiment:, solyin simpler biit simi-'^ 
lar, problems^ make a drawings syst.ema|^%;" countlng^^ 
■ :C. Calculate ^ ^"^^"^ 

(Strateglesi working backward and looking for a pattern^) 

in. Teaching problem solving strategies , (30 minutes) . ' ^ ' 

A, Objectives;; - ^ ; ■ ■ - . ' ^ ■ . 

.1* .Selecting objefitives that involve the use =of problem solving skills • 
. ; 2/ Assigning priorities to :objeatlyes, ^ : ' ^ , '\ \. 

■ ; B, Reinforcing students. ' , ' . : ; ■ 

1, Reinforcing according to objectives. -. ^ '. . 

_ s 2, Reinforcing approximations to final behaviors. ^ 

■ • ; C. Testing problem solving abilities - / ■ V'^t^ \ . : . 

U 'fte sting the ability to use selected strate|£es, , ; ^ ;. 
. 2. Testing rtie ability to select approprlatie strategies t — , " 
. 3, Formal and informal evaula^tion, ^ ' , - 

/: D. Prpyidif^?^' help asking ^questip^ . . \ ^: ^ 

1 . ' V/lien to help .' . - . , " ' " ' ■■ " ■■ ■ 

2. ' Giving as little help .a& possible- • ' ■. \ . , . : . . . 

3. Giving help without guiding students toward specific stpa-tegies . . 
' or solutions ; . • ,. , • . ; „ , .. . 

. 4 . Wait time af^tet asking questions. . " 

" ' = ^* Holding review seasi^i. after problems are solved. ^ - 

1 . How was the prdbffim solved? . ■ . : , ■ .-" 

. -2.V V/hat made the solver think of the solution or the method- of solution? 
\ • ^3,. What are the advantages or ^ disadvantages of the method? ' . . 

fy\ \is there a different method or dif f proQt, solution? ■ . 

TV. M}laBsrdom organisation, (30 mlnutesX -^^ = • 

V^^r Teaching, a unit : on problem solving Snd CMn APFlying the skills . - ; 
" ^ fegularly-. \' ' ^ = v V/ " 

'.^ ,B.' Abusing onf day a Week ^or problem solvingv^ ; 

: ; ; -C. . "ikiir centers. / \ s = . , . ■ . " . 

V D*= Using a problem solving approach as a ^asic: teaching, strategj^ . , / _ ; 
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Ohio Regidhal Conferences on. Mathematics EduGation : . 

Evaluation of the/ 6 ■ Conf erancea , - v= . • ' ; - \ > ' ' . ■ 

The staff conducting^ the 6 regional conferences are ; ^ ^ ; 
interested in the .participants • reactions to the conferences. \ , " 
Each participant will be asked to complete a ;qufstibnMire , 
(pink form) which includes: a set of; nj^tiple choice. qOestions^ ^^ 
and a section for open response . ; ■ 

The goal of the conferences is }^ 
pMpiate .to conduct iworksh 

teachers in their own or nearby districts. We itfill CQntact : 
you later to see if the conferences resulted in such workshopsv 
(Thii is an evaluation ^of the ef fectiveneBS; of the Ohio Regional. 
Conferences. ) At that time you may have other suggestions, for 
thi staff and we hope you wili send them, 

Evaluafeidri ot FoIIqwHaip Abtivitles ^ ^ / ' 

If you present a^workshop or oth^r; activity for teachers, 
you may want ;to use the evaluation form In thi^ section ; (whitp 
form)* ; ^ngwer shfeets are available from; ; / ; ' 

^V■ ■ .. Len Pikaart ; • , ■ . ' . • , 

■ Ohio University , ' ■ 

V -. - College of Education m -. ■ , ' 

- ; ; ■ ■ Mccracken Hall . ; 

\ -'^ Athens, Ohio 4 5701 ; : 

" ' H . ■■ ■■ . ' ' . . . ^ ^ .'. ' ■ ■•- 

The "answei: sheets., will- be' provided free (as long as the 
supply lakfcB) , .We ask^ th^t you reproduce the questionnaire 
itself , ^^ftase request your best estimate of the number of; answer 
sheets needed and return unused ones so they will be available 
for others, ' We ^ill score the answer sheets and sand you a , ; 

complete analysis if- ypu will 'permit us to include the data^ 
"from your program in our summary data, - 

We. emphasize that no individual workshop or activity will . 
be identifiable inrariy repo,rt of analysis we conduct. We would 
like to 'ek*mine the reactions to- all the programs conducted as a 
result of the conferences to determine > if we should use the same 
sort of oonference format in:: the future-^-thus, we want to evalu- 
ate us'^-npt you , - Positive results would have great; implications^ 
for, the Natioria^l SAience, Foundation (supporting this project) 
and perhaps .^or the Oftio State 'Department of Educatioh. (Mega- ./ 
tive resultB' would /have impiic.atibns too:! )' ^ ' = . ' ; 

./We. hope you will decide to . usfe the ^ evaluation form and to 
share the data^ with us, .\ ' ' 



:. TEACHER -IN-SERV I GE ACTIV-ITY 



SeTectf^the singi e best answer for you to each question -a nd^ mark all answers on 
the Inswenshigt .;: If the question is 'not appropriate, leave It b]ank/ v • 




Evaluation Form \- 




1 . Are you f *' ; 

A* Teacher, grades 5-9. . 
: ^, B.' School teacher, grades 9^12.. 
Scljppl principal .\ . ; 
■ D* Schodl system administrator. 
E.. Other; _ . ^ 




This activity focused on: 



A . Pr^obl em sol v1 ngr : ]' ; - \ '■. ' - -v - ■ ' ■ ... 

B'.. ' Using calculators* ^ ^ ^ . ^ 

Both problem solving and caTculators. ,^ v - 
Some other topic biit referred tp probTem solving or to caTcglators* - 
E. -Some other topic. : ' 

.3. The objectives and purposes: ; . / ■ u . : . : 

A, Were clearly putlined from the beginning. j ■ ; , 

B, ; Became clear as the activities developed, ^ \ - / ■ . 
. Cv Became/soifiewhat clear as the activities progressed, ; ^ " 

/ D* Were referred to only indirectly.- 

E, Wtre never made clear, ^ . ^ 

4, The agreement between the announced purposes of the activity' and what was^ 
actually presented was: . •. 

v A. ■ Superior/ r ." 

: B. Above average. ■ ■ • . ^ ^ ^ ' • " ' ' 
e. Average. ^ ■ v 

D. Below Average, . ■ ' ' " ' ■ 

^ Poor.' ^ : ; = / : , ^ ^ ^ ^ ^ : - : : . ' ; . / ■ : 

5. How well was the activity organized? 

; - A* It was eKtremely welT brga.n'^d arid Integrated.. 
B. It was adequately organ1zed^^ ■ v ' ■ 

0;. It had less organizatiori^than wbuldHeem desl^^ / ; 

D. It had no apparent organization. ' ■ . • 

It was too tightly organized^ there.was not enough flexibility to meet 
' ' participant needs arid desires. • ' , " ' • • 

6// How well did this activity contribute to your professional needs?. ; 
■ A . Made a very important contribution. * . 

: B. / Was valuable^ but not essential , : ' 
/ .\ C, ■ Was moderately helpful . / . ' . , 

- p. Made)9 mirior , contribution. . ^ ^ . . ^ • ' 

E. .-^agle ':nQ.. significant contribution-. ^ ' 

7l Ho.w would you rate the usertlness of the materials on Problem S ol ving? 
' A. Extremely vaTuable.. / . ^ ' 

'B\ M&ry useful- . 
' ■ C. : Useful., ^ ' = ^ ^ ; \ ^ ; , . ^- ; 

' D. ' May be 0/ -use, ' ^z-. . : - -.^Z ' . . ' ' ; 

E ' I leal aee ■..*=.■. . , -'^ ■ - *^ = " . = 




•f .. 



ERIC . .. 



i" = ° ■■ ^" = ■ ■ -'..■'.'•■.■■■=. r " ■• " . . ...^ffii-. . ■ ■ ' ^ ■ ■ - . . , - ' • i; ■ ■ " ' 1 / . ;.- ' 

84 ^HoW wouTd you rate; the usefulness of :?the materiaTs= bn Calcufatorst y- V 

'ft. Extr^emely valuable. ; '\' ^= ^ V \^ . ■ 

; ^- B. ■ 'Very useful . ' ^ - . ■= ■ ! ' ' ■ - 

^ G. ■Useful, ' ^ ; ^ ; ■ " ^\ \ : 

■D./, May be of use. ■ " = \ " ; ^^.h- ' = - , - ' ^ 

, Useless,". . = ' ■• ' .--^ • ■ ;^ /v" = i-, ' 

9. , How; clearly were your responslbllltles iuring th activity defined? 

■A,, I always knew^what was ^expected;bf me,^ ^ . . ' 

■ , B. I usual ly knew what was expected of me.,' ' ; • . . ; \ " ' ^ 

■ Cv I usually had a affneraT idea of wFA^Avas^ expected, of 
;\ / I was often .1n doubt about Hhat vy^pxpected of me, 

; E. I seldom knew what was expected df 'flie,^ : ; . r 

10,/ Considering thfe size of the jgroup, do you ^f eel that the leaders were wil N 

ing. to^give personaV help^ . L ; " >' ' . ; . . 

: - A- I fel t welcome to seek p^erspnal help' as of^^^ as I needed 1t, , 

B. I felt free to seek personal help. ^ • • ' ■ , ^ 

. C, I- felt he or she, would give personal help if asked, ^ 

v-. D. ;l felt hesitant to seek personal, help. ^ ^^:{':^ .V■ * 

; "I felt that he or she Was urisympathetic and uninterested in participant 

■ . problems, " ^ ■ . ' ' •'; ■■' • ■'. • 

:l ' Would you recommend this conference to a good friend whose interests and ■ 
background are similar to yours? ' . 

: Recommend highly^: ^ 
J,; Genersilly recommend,/ . ' :\; ^ ^ ■ ^ 

C. Reconwend with reservations, " v/ . \- % - • 
Definitely not. ■ : . . ' ; ; - . 

; ' / ■ , ^/ ^ r ^ : . f - . ; ; ' , ^ ^ ^ :. * ^^^^ ^ . \ 

2/ How would you rate. your understanding of /the: use of problem- solving as ■ .gV: 
__: a resuTt _of this^conto - / » ; : ; v' - ■ - 

A* I learned a lot, * ; ^ ; .. 

B, fly understanding improved. . \ ■ - / / r ; / 

C\ A few ideas were new to me. 

. ' P". I learned very, little, ^. V;- 

■ E. I learned almost nothing^. .; .'^ "^l • ■ . "^^ .' ■ 

3. . How would you' rate your understanding of the use of calculators in school s 

as a resul t af this conference? ' v /■ \ . ■ 

!' A. I learned alot, ■ - . . v , - ^: 

B,. My understanding improved-^ - ..' ' 

- C . A few ideas were new to me. " • • ^ ■ . 

D. I learned very Tittle. \ " ■ ' . - , . . 

■ E/ r learned almost nothing. . ^ \ / : / 

4/ How would you ^rate ; the. .act1vity/in ^genera ^ , * 

, A, Outstanding;- and- stTmulating* / -* / 

. 3. Very good. .\ " 

' ■ C, Good; \ ^ ■ - * ' ' \ : ■ ^ ' 

D. Adequate, but not stimulating. , . ■ - / 

E. Poor arid inadequate, - ^ - ; , , ■ * = 



.■V 



o . : • : 
ERIC . 



R.04 



■PLEASE tear; off TH I S PAGE AWD TU|N. IT, l>f ;WiTH YOUR ANSWER SHEET^ 



1 . Best features of the activity.^^ere! 



2, Worst aspects of "the activity were- 



.3'^ I woufd suggest the fol lowi ng ; 
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' * : OHIO,JEGIONAl;C0NFERENCES DN MATHEMATrCS EtfUCA^ / '^ 

\" / > = Gonf^rence-^viiauat ion - Form. S-;V : . - - .* ' - " : : 

Select the single' best answer ^ fcr.you rte^each quest ior> and answers 
the answer sheet, ff the question. 1s not appropriate, leave It blank. 

Parti c1 pant Pbs i tion ■ ' - . ■ " " ' / 

"A. Superintendent, . ' • , • ;. • ' 

. . B. . Si^pervisorV ; . ' ' v;; • ■ ; -p^ - '--^---: • ^ — ^ - : ' - ■ ^ 

'CX. ^ Pri ncipal ^ . .. ,. " ;. ■ ' — • 

D. . Mathemat1.cs:.Education . (College Level.).. . ' - -• ' 

. " -E. Teacher. - .' :' •, -. .-• ■ -.. 

Conference Objectives and Purposed, . • 

2/ How clear were the objetti ves or purposes of- this conference? The ob- 

. jectives and purposes: - • •"■ .- - . . / ' 
' A. • . Were cl early .putl iped froni the B^^inning. , • ■ . 

- B. Became clear as the conference developed. 

C. Became- -somewhat clear as the conference progressed/' . ■ ' 

D. Were referred to only indirectly. . 

E. - Were never made clear. ... / . 

3. The agreement between the announced purpose of~the conference and what 
was actually presented was*: ' . . > - ! ' . 

.. " A, ' Superior. ' • . ; • ; ■ ■ '. .• ■ ' ■ , • .. ' ' 

B... Above .average. . / ' > :" ... : - ■ v 

E. Average . • . . ..' . ' / -y- . ■ - " 

- " D. -BeTow 'Average.. \ ^' . " . -■ 

. E. - Poor. , '• . •"" - '. : • ; - 

Organization - v . - ' 

4. -How well. was', the |b"hf erence organized? •• j .: ■ .-. 
\ A . . Th e c on f e r G n c e v/a s . e x t r eme 1 y "we T 1 organized and. integrated. 

V B . The conference was adequately organized. ■ . ; 

;■ C. The conference had less, organization than would seem desirable, 

'. D. ■•^The conference had' no. apparent organization. 
. E. The conference was too ttghtly organized; there-v/as not enough flex- 
. ;\;l.b11 ity'to meet par tic ipi^nt needs and dearres, [ 



W 1/ 



^ " . \ ^ ^' =■ ■ ■ ' ' ■" = 

5v/"^oncerning^^t^ of parti brpanWi'do you t =. ■ - = - 1- ' 

- A. The mixture was 9bout right/ . / '^ //. ^: . . ' 
; B. There should, Kave J been mora s.u^ ^■ 

C. There ^shouTd have been m superyisbrs. ■ ^ ' ^ - ' 

.= D. .There should have, been .more classroom; teaQhers / \ - ' \ • ' 
E. The groups should have met separately,; r ■' ^y": 

Conferences Content - / ^ ^ y ■ * / . \ \ - " ? ^ \ , / = 

6. How well; did this conferience contribute to your professional needs? ^ ' 
A, Made a very importaht contributloh . ■ ' ^ . - ^ V 

B; Was valuable, but not essential . ■ - — ; ' - •. 

C. . Was moderately helpful . 

D. Made a minor contribution. :.■ ■ .' ^ ■; 

E. Made-no significant contribution^ :v " ■ ■ 



How would you rate the usefulness of the Resouree Packet materlaTs. on 

PrbbTem SoTving ? : r 

7\, Extremely valuable. .- • . , 

B. ; Very useful , " . ■ " 

C;. Useful . \ - \; ,; J , ■ - - 

D.. , May JDe. of use. vi , . ; 

EV Usel ess: . L ' ? ' ' u . . . . .. " - 



8, How would you rate the Resource Packet material s on Calculators ? ' . ' ■ ■ 

A. Extremely Valuable. ' ' ' ' 

B. Very Useful . . .. ' - 

C. Useful. , : : ' . , ^ \ , ^ ■ 
. ■ D. May be of use, " -. ' ■: . - ■'■ ', . 

E. Useless. . .'■ ■ ^- ■ ■ - 

"■ ' ^: . • . ,, ^- • -• •■ :, - — ■ - ' ■ ^ . ■ : ' - • ' . 

Pa r 1 1 c 1 pa n t Pa rt.ic 1 pa t i on ' « ' : ^ . , ^ 

.9. How clearly were your responsibi Titles in this conference defined? 

A. I always knew what was expected of me, . ^. 

. r usually kiq|W what was expected; of me, . . - ' ... • %i 

•-C, I usually had a general idea of what ^was ekpec ted of me .' • ■ S.) . 

D. I v/as. SJften iri. doubt about what was expected of me . ■ , ■ 

E. I seldom knew ^hat was ^^piected of me, :"' -^g 
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f P res enters Ra r ti c i pa n t' Re 1 a 1 1 on s h 1 p s ' . = v' ; 

10, ^ Oo.^oti ifeai t^at^the presenters were^ Willing to glvk personal help in • 
■ ; . '- this coaferefiice? ^ ' - ■ ' V : : : \> ; ' 

; : V A.; ^ I f el t , wel come to seek personal h&tp as often as 1 needed it. / 
y :\ \B;.,. I f ft! t free^ see^: personal help . : " .- V - U 

I teit he or"she:w6uld give personal : help If asked/ . ' ' .r- ^ 

D. . I felriiesi taut to seek personal help. ; ' \ 

I felt .tha%^^h6 or ,she was unsympathetic and untnterestfid Nn^ par-': 
^ ^ ■ ticipant problems. : ■ . , ' / ^ / : 

;^ n , , Freedom of participation in. conference meetings : questions and corments 
' . were y y . ; \\ . . ■ ■ ^/ ' , ^ ^ ; ^ ' ^ ' >^ : 

/ : A, Almost always;-sought, 
' B;: Often/ sought;^ ' ^ ' ' 
r Usually a 1 lowed"/ V 

V D*. Seldom allowed/ 

E. .LJsually. Inhibited, 

7 Conference EffeGtiveness . . 

I 



12, 



13; 



14; 



15. 



pid the conferenee help 'prepare you to. lead in-jervice activities on 
brobl em solving and\calculators7 ^ ^^^^ 
4 DefinfWly\ ; : ^ v : " 

Bl It was a help' on both. ' ; ;/ ■ .- ' . 

Ci On.one-of the topics* y, / ^, 'I 

D. It was little; help. ■ > " ' . ■ / ■ ■ ■ 

E. It was no. he] 



Would you recommend this coriference -to a/good; friend Jwhose Interests =^ ^ 
and .background are/similar jto yours? . 

A. . RecomiTiend highly. ' - . , • , . ;/ • •. ■ /; ■. . :• '. 

B. .General ly recommend.; ' : ; . / ' 

C. RecommendvWi th\reservatjohS-^ * : / Z^" 

D/ Definitely not. ' . ' ; ^ ' - - \ ; . - 

How would you rate your understanding' of Problem Solylna as a. result of 
this conference? / . . ■ ' . ■ ^ . ■ y . '\ .. . 

A. , J learned a lot,/ ' " - . / : ; 

B. My understanding improved. , /. - ■ ^ / 

C. ^ A few ideas^were new to me/ . ? ' 

D. . I . l earned very 1 1 tflSn /^ / / / ^/ .v / /. 

E. / I learned ajmost nothing. • . ^ / 



How would you rate your understandlng-^of the use of Calculators in 
schools as a result of this conference? ■ ■ ^ 

A. \ I- learned/a '^ot-, ■ . ■ ^ ' = ^ v '.^v 

B, My "understanding ■-Improved, ;/.: 
C; A few.lfleas were new to me, 

D. I learned very. 1 ittle. / ^ , / 

E. I Tearhed. almost nothing, ,/,. ^. 
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16., '.How WQiild you rate the presenters' sensitivity to what ydu Gonsid^r. to be 
. . theAimportant probTems in school mathematics? '■ - ;. 

A. They we re; well aware .of tha important problems. ' ... 

. Bi --They were aware of these problems.: *" • ^ :=/ ; 

-C*' They. had a genera^dea of the problems/ '^^ ' ' ^ 

' b. ' They had ;a vague knowledge of some problems.: - ' ;^ 
= E. They did not seeiyinforrned' of significant problenis, : : 

.1.7. /'How would you. rate the presentationsv.iri; general| 

• ,A», Outstanding and stimulating. ■ = / 
\, ff^ Very, good, ^ . ^ . v;^'^ . ■ / . ■ -= v ^ ^ 

, ^ c. .Good. - ■ ^ ^ ; . / - ^■ ^ ' \ \ 

p. Adequate, but not stimulating",* . ; . . ^v^. . . 

Poor and 1nadec|uate.: . . . ' ' - . - . / ^ 




^ il8. ^ Would you Tike to attend conferences-on other (Tike these) . topics in 
fji-' this .geograp^hic area? / ^ ^ : : \ , 

A. :' Defijittely.. /. ; / . ' ^ ;^ 

B*. Yes^ but in a btgger city. : . ; . ■ - : ^ ■ 

•■ C. It would be a good idea. .^^^ • - •- ; • 

V- /D. . Probably not; ' /^v ^^^.^^^ - ; - ; ^ . : ■ ^ 

V ^ E, ' pef ini tely not. * : . ■ / . . \ . V 

19. How wpuld you rate tha use of instructional media in tl^Ts confere 

AT^ The uses of media were almost always effective,/-/ ^ " . »^ ^ 

. B.. The uses of media were usually "effective. . . , 
^ ^ C. The uses of media were sometimes effective, v ^ ^ ■ ■ ■ 

D, the uses of media were seldom, effective. ^ , v ■ . .l-. 
:/^ E.^'The^uaes of -media were never .effective. ^ . V ^- 

Do you beTieve that. the conference hel pedestabl ish (or improve) positive . 
1 inkages ^between schboT system personnel and colTege matherfiatics edudators? 
. A, . Definitely. " \ ^ . . ■ ^ \. ^ / * ^ ' / 

■ ^ B. Somtewhat. / " / ■ ■ . . ' . "' ^ ' 

. C, . Very Tittle improvement. - 
p; \flo improvement. / ^ . , . ; \ . 

'The Tlnkages should not/be ^establ ishe^. \ \ _ 



ERIC 



.06 



PLEASE iEAI^-QPF JH^S^PAGE AM IT IN^ WITH YOUR fANSWER^ SHEET/ 

Ti ;^Best features pf the .conference, mt:^: / ' . ^ / V . 



2 . ' Worst aspects ■ of >the ^cqnferenG^-Ws^e 9 



L I would suggest the fondwingr 



Were thew materials 0n:display thtft you would l;fke to see Intluded f n the 
Resource Packets? (Which flnes?): ; - , " . - : ■ : 



Dpryou feeJ yoy are prepared to le^d in-ser\/Tce activities on problem %^1v^ 
ing: and/or calculators^or teachers'? Can yau t^ll usvwhat activities you ' 
ex^ec" to organize? For how many teacHens? When? ^ . / ' 




